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^t® HIV protease inhibitors useful for the treatment of aids. 

rs 

ps© Compounds of the form 
WA-G-B-8-J 

^wherein A is an amine protecting group commonly employed in peptide synthesis, G a dipeptide isostere, B an 
O amino acid or analog thereof, and J a small terminal group are described. These compounds are useful in the 
^inhibition of HIV protease, the prevention or treatment of infection by HIV and the treatment of AIDS, either as 
m compounds, pharmaceutically acceptable salts, pharmaceutical composition ingredients, whether or not in 

combination with other antivirals, immunomodulators. antibiotics or vaccines. Methods of treating AIDS and 

methods of preventing or treating infection by HIV are also described. 



Xerox Copy Centre 



EP 0 337 714 A2 



HIV PROTEASE INHIBITORS USEFUL FOR THE TREATMENT OF AIDS 



The present invention is conceijied with compounds which inhibit the protease encoded by human 
immunodeficiency virus (HIV) or pharmaceutical^ acceptable salts thereof and are of value in the 
prevention of infection by HIV, the treatment of infection by HIV and the treatment of the resulting acquired 
immune deficiency syndrome (AIDS), It also relates to pharmaceutical compositions containing the com- 
5 pounds and to a method of use of the present compounds and other agents for the treatment of AIDS & 
viral infection by HIV. 

BACKGROUND OF THE INVENTION 

W 

A retrovirus designated human immunodeficiency virus (HIV) is the etiological agent of the complex 
disease that includes progressive destruction of the immune system (acquired immune deficiency syn- 
drome: AIDS) and degeneration of the central and peripheral nervous system. This virus was previously 
known as LAV. HTLV-Hl, or ARV. A common feature of retrovirus replication is the extensive post- 
75 translations processing of precursor polyproteins by a virally encoded protease to generate mature viral 
proteins required for virus assembly and function. Interruption of this processing appears to prevent the 
production of normally infectious virus. For example, Crawford, S. et aL, J. Virol.. 53. 899, 1985, 
demonstrated that genetic deletion mutations of the protease in murine leukemia virus which prevent 
processing of precursor structural proteins results in non-infectious viral particles. Unprocessed structural 
20 proteins also have been observed in clones of non-infectious HIV strains isolated from human patients. 
These results suggest that inhibition of the HIV protease represents a viable method for the treatment of 
AIDS and the prevention or treatment of infection by HIV. 

Nucleotide sequencing of HIV shows the presence of a pol gene in one open reading frame [Ratner, L. 
et al.. Nature, 313. 277(1985)1- Amino acid sequence homology provides evidence that the pol sequence 
25 encodes reverse transcriptase, an endonuclease and an HIV protease [Toh, H. et al., EMBO J. 4, 1267 
(1985); Power. M.D. et aL, Science, 231, 1567 (1986); Pearl, LH. et aJ. f Nature 329, 351 (1987)]. Applicants 
demonstrate that the compounds of this invention are inhibitors of HIV protease. 



30 BRIEF DESCRIPTION OF THE INVENTION 

Compounds of formula I, as herein defined, are disclosed. These compounds are useful in the inhibition 
of HIV protease, the prevention of infection by HIV, the treatment of infection by HIV and in the treatment of 
AIDS, either as compounds, pharmaceutical^ acceptable salts, pharmaceutical composition ingredients, 
35 whether or not in combination with other antrvirats, Immunomodulators, antibiotics or vaccines. Methods of 
treating AIDS, methods of preventing Infection by HIV, and methods of treating infection by HIV are also 
disclosed. 
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ftftttKEVTATIONS 



npgitmation Amino Acid /Residue 

Aia » D- or L-alanine 

Allo-He allo-isoleucine 

Arg 0- or L-arginine 

Cal (Cha) B-cycloheacylalanine 

Cy S D- or L-cysteine 

Gly glycine 

gj g D- or L-histidine 

He L-isoleucine 

L eu D- or L-leucine 

L VS D- or L-lysine 
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Popignation 

Met 

Hie 

Nva 



AmiHQ Acid/Residue 
D- or L-methionine 
L-nor leucine 
L-norvaline 



70 



20 



25 



30 



35 



Orn 

Ph 

Phe 

Pro 

Sar 

Ser 

Sta 



Thr 
Trp 
Tyr 
Val 



BOC (Boc) 
BOM 

CBZ (Cbz) 



DNP 
INOC 
40 IPOC 
OMe 

45 



D- or L-ornithine 
phenyl 

D- or L-phenylalanine 

D- or L-proline 

sarcosine (N-methylglycine) 

D- or L-serine 

statine, (3S , 4S)-4-amino-3- 

hydroxy-6-methylheptanoic 

acid 

D- or L-threonine 
D- or L-tryptophan 
D- or L-tyrosine 
L-valine 

Protecting Group 

£-bu tyloxy car bony 1 
benzyl oxymethyl 
benzyloxycarbonyKcarbo- 
benzoxy) 

2 , 4-dinitrophenyl 
isonicotinoyloxycarbonyl 
isopropoxycarbonyl 
methyl ether (raethoxy), 
except when it immediately 
follows an amino acid residue 
abbreviation and it 
represents methyl ester. 



so 



55 
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OEt 



ethoxy, except when it 
immediately follows an amino 
acid residue abbreviation and 
it represents ethyl ester 



10 



15 



20 



25 



Dnsignatiofl 

HBT(HOBT) 
OMs 



DCCI (DCC) 
DPPA 



(BOC) 2 0 
DEAD 
TEA 
TFA 



frtivating Group 
1-hydroxybenzotriazole hydrate 
methane sulfonyloxy 

Condensing Agent 

dicyclohexylcarbodiimide 

diphenylphosphoryla2ide 

Reagent 

di-L-butyl di carbonate 

diethyl azodicarboxylate 

triethylamine 

trif luo-roacetic acid 



30 



35 



40 



45 



BOP reagent 



50 



B0P-C1 

DSO 

EDC 



MCPBA 
TBDMS 



Coupling Reagents 
benzotriazol-l-yloxytris- 
(dimethyl-amino)phos- 
phonium hexaf luoro- 
phosphate 

bis(2-oxo-3-oxazolidinyl) 
phosphinic chloride 
N.W* -disuccinimidyl 
oxalate 

l-ethyl-3-(3-dimethyl- 

aminopropyl) carbodiimide 

hydrochloride 

m-Chlo roper benzoic acid 

t-Buty 1-d ime t hy 1 s i ly 1 



55 



DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

This invention is concerned with the use of compounds of formula l f combinations thereof, or 
pharmaceutically acceptable salts thereof, in the inhibition of HIV protease, the prevention or treatment of 
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infection by HIV and in the treatment of the resulting acquired immune deficiency syndrome (AIDS). 
Compounds of formula t are defined as follows: 
A-G-B-B-J I, 
wherein A is: 

5 1) trityl. * * 

2) hydrogen; 
3) 

O 

R 1 - C - wherein R 1 is 
10 a) hydrogen, 

b) aikyl, substituted with one or more halogens adjacent to the carbonyl carbon where halogen 
is F. CI, Br, and I; 

4) phthaloyl wherein the aromatic ring is unsubstituted or substituted with one or more of 
is a) Ci^ aikyl, 

b) halo, 

c) hydroxy, 

d) nitro, 

e) C1.3 alkoxy, 

20 f) alkoxycarbonyl, 

g) cyano, 
h) 

O 
II 

- C -NRz wherein R is H or aikyl; 



25 



30 



5) 



7 i n 
rZ-C-O-C- 



wherein R^R 3 , and R* are independently 

as a> H - 

b) Ci^ aikyl unsubstituted or substituted with one or more of 

i) haio, 

ii) aikyl SOz-, 
ui) aryl S02-. x 

4Q c) Aryl unsubstituted or substituted with one or more of 

i) d.4 aikyl. 

») C1.3 alkoxy. 

Hi) halo. 

iv) nitro, 
45 v) acetoxy, 

vi) dimethylaminocarbonyl. 

vii) phenyl. 

vtii) C t .3 alkoxycarbonyl 
d)fluorenyf, 

so e) R 2 , R 3 , and R* may be independently joined to form a monocyclic bicyciic. or tricyclic ring 

system which is Qmo cydoalkyl and may be substituted with C^ aikyl, 

0 a 5-7 membered heterocycle such as pyridyl, furyl, or benzisoxazolyl; 

6) 



6 



EP 0 337 714 A2 



r5_ n _ 0 -C- 



9 

wherein R 5 and R 6 are 

a) Ci^ alkyl, (\ o,vu.i<t 

b) aryi, r 
yo c) R 5 and R 6 are joined to form a 5-7 membered heterocycle; V-*- o^j^K 

7) q 

R 7 -S02NH- C - wherein R 7 is aryl unsubstituted or substituted with one or more of 
7S a) alkyl, 

b) halo. 

c) nitro. 

d) C^a aikoxy; Oy- 

8) • ^J-\ 
to 8 ' 1 .L 

R 8 -S- 

<0>m 

25 



30 



wherein m is 0-2 and R a is 

a) R 7 as defined above, 

b) trityl; 



9) 
X 

a 



(R 7 h P - wherein X is O, S or NH, and R 7 is defined above; 



35 



Gis 



40 



wherein Z is O, S, or HH and 
45 R 9 is independently 
1) hydrogen, 
2) 



H R 1 3 o 



' 1 



li 
/\ 



50 



55 



t 



c 



i R 10 



ill 



3) -OR. wherein R is H, or Cm alkyi 

4) -NR 2 . 
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5) C^alkylene -FT; 
wherein n is 0-5 and R 10 is independently 

a) hydrogen, 

b) hydroxy, or 
s c) Ci^alkyl; 

R" is 

a) hydrogen, 

b) aryl, unsubstrtuted or substituted with one or more of i) halo, 
ii) hydroxy, 

io iii) -NH 2 , -NO2. -NHR. or -NR 2l wherein R is H, or C1.4 alkyi, 

iv) C,.4 aikyl, 

v) C1.3 alkoxy, 

vi) -COOR 
vii) 

rs 

- C NR 2 . 

viii) -CH2NR2, 
ix) 

O 
II 

20 -CH 2 NHC R, 

x) -CN. 

xi) -CF 3 . 
xii) 

O 

as -NH C R, 

xifi) aryl Ci. 3 alkoxy or aryl d-4 alkyi, 

xiv) aryl, 

xv> -NRSO2R, 

xvi) -OP(0)(0R,t) 2 wherein R x is H or aryl, or 
jo xvii) 

O 

Ml 

-O- C -Ci-«alkyl substituted with one or more of amine or quaternary amine; 

c) 5 or 6 membered heterocycle including up to 3 heteroatoms selected from N, 0, and S, such as 
imidazofyl, thiazolyl, piperidinyl, furanyl, oxazotyl, thiadiazolyl, piperazinyl, pyridyl, or pyrazinyl, any of which 

35 heterocycle may be unsubstrtuted or substituted with one or more of 
r)hak), 

ii) hydroxy, 

iii) -NH2, -NHR, -NFfc; 

iv) aikyl, 
40 v) alkoxy, 

vi) -coor, 

vii) 
O 

- C NRa, 

4S viii) -CH 2 NR2, 

be) < 
O 
II 

-NH CR, 
x) -CN. 
so xi)CF3. 

xii) -NHSQ2R, 

xiii) -0P(0K0R„)2 wherein R* is H or aryl, or 
xiv) 

O 
II 

55 -O- C -Ciuaftyl substituted with one or more of amine or quaternary amine; 

d) C1-6 alkyl or aikenyi unsubstituted or substituted with one or more of 

i) hydroxy, 

ii) C,^ alkyi, 
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Hi) -NH 2 . -NHR, -NR 2 , 
iv) 

NH 

II 

-NH<JH , 
5 v) 

NH • 

II 

-NH-C- NH 2 . 
vi) -COOH, 
vii) 

- C OR, 

viii) -SR, or aryl thio. 
be) -SO2NHR; 

x) Ct-4 alkyl sulfonyl amino or aryl sulfonyl amino f 
rs xi) -CONHR, 
xii) 

O 
II 

-nh c a 

xiii) -OR, 
20 xiv) aryl C t . 3 alkoxy, or. 
xv) aryl; 

e) C3.7 cydoalkyl unsubstituted or substituted with one or more of i) hydroxy, 

ii) C 1U alkyl. 

iii) -NH2, -NHR, -NHR 2 , 

25 IV) 

NH 
II 

-NH-CH , 
v) 

NH 

30 -NH-&- NH 2 , 
vi) -COOH, 
vii) 

J 

-C-OR, 
35 vui) -SR. 

ix) -S02NH 2i 

x) alkyl sutfonytamino or aryl sutfonylamino, 
xi*) -CONHR. or 

xii) -NH § R: 

40 f) a 5- to 7-membered carbocyciic or 7- to 10-membered btcyefic carbocyclic ring which is either 

saturated or unsaturated, such as cydopentane. cyciohexane, indan, norbomane, or naphthalene, the 
carbocyciic ring being unsubstituted or substituted with one or more of 

i) haio. 

ii) -OR, wherein R is H or d-4 alkyl, 
45 Hi) 

O 
II 

- COR, 
iv) 

O 
II 

so - CNFfe. 

v) -CH 2 NR 2 , 

vi) -S0 2 NR 2 ; -S(0)yR and y = 0, 1 or 2; 

vii) -NR2, 

viii) 
« O 

55 . g 

-nh ca 

ix) C,-. alkyl, 

x) phenyl. 
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xi) -CF 3 , or 
xii) 
R 

- N-SO2R; 

s g) benzofuryl. indolyl; azabicVcio C 7 -n cycloaJkyl; or benzopiperidinyi; 

R' 2 is -OH or -NHR t3 . wherein R 13 is -H. 
O 
11 

- CH, -Chalky!, or -COOR; and 
© is 

10 1) Ca.7 cycloalkyl either unsubstituted or substituted with one or more of 

a) aikyi, 

b) hydroxy, 

c) -NR 2 , 

d) -COOR, 
is e) -CONHR, 

0-NHSO2R, 
9) 

O 

-NH C R. 
20 h) aryi, 

i) aryl substituted with Chalky I, 
j) heterocycle. or 

k) heterocycle substituted with Ci^alkyl; 

25 2) phenyl either unsubstituted or substituted with one or more of 

a) hydroxy. 

b) -OR. 

c) -NHR 13 , 

d) -COOR, 
30 o e) 

it 

- C NR 2( or, O 

f) -NH C R; 

35 3) 5 to 7-membered heterocycle such as imidazoryl. thiazolyl, furyl, oxazolyl, piperidyl, piperaztnyl, 

pyridyl, or pyrazinyl, any of which heterocycle may be unsubstituted or substituted with one or more of 

i) halo, 

ii) hydroxy, 
fii) NR 2 . or, 

40 h/) C1-4 alkyl; 

Q is 



' MHO 1 ' 1 1 • * 

OH NHR NHR 3 W OH 



wherein R 9 and R 13 are defined above; 

X is O, S or NH; and 

Wis 

1) OH. 
55 2) NH 2 . 

3) OR. or 



10 



EP 0 337 714 A2 



4) NHR; 
B is, independently, absent or 



-NH Z; 



10 

J is 



1) YFP* wherein: 

Y is 0 or NH t and - \i n % ^^/v. " i 



is a > * 



b) C1-5 alkyl, unsubsOtuted or substituted with one or more of ^ 



D-N*. . --Own 

iii) -NHS0 2 C,u alkyl. * t ^ x - 

20 iv) -NHSO2 aryl. or -NHS02(dialkylaminoaryl) t 

v) -CH2OR, 

vi) -C^alkyl. 
vii) 

O 

25 "COR. 

viii) 

O 
u 

- CNR 2 , 



30 



ix) -N^^NR 2 ;f-NH^^NR 2 1 



0* N CN 
If 

as x) -NHCR. 



40 



xi ) -NSO2CH3 . 
^OH 
xi i ) -NH^^Q^Ph , 
0 



xiii) -NR3® Ae wherein Ae is a counterion, 
^ xiv) -NR 1S R ,c wherein R ,s and R 16 are the same or different and are C,* alkyl joined together directly to 
form a 5-7 membered heterocycle, 

xv) aryl, 

xvi) -CHO, 

xvii) -OP(0)(ORx)2 wherein R K is H or aryl, or 
so xvii > Q 

II 

■O- C -Ci-4aikyl substituted with one or more of amine or quaternary amine; 
c) -<CH 2 CH 2 0)„CH3 or -(CH 2 CH 2 0)„ H; 

55 2) N(R"h: or 

3) -NR 15 R 1€ wherein R 1S and R 16 are defined above; 
4) 
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L R 



14 



wherein: 

Y, R 14 and n are defined above, and 
io R 17 is 

a) hydrogen; 

b) aryl unsubstituted or substituted with one or more of 

i) halo, 

ii) -OR, wherein R is H or Ci-« alkyl, 

75 Hi) 
O 
It 

- COR, 

iv) 
0 

20 ' C NR 2 . 

v) -CH 2 NR 2i 

vi) -S0 2 NR 2 , 

vii) -NR|. 
viii) 

O 

25 ,1 
•NHCa 
xi) C1-4 alkyl, 

x) phenyl 

xi) -CF 3 . 

30 XU) 

- E-sc^a 

xiii) -Ct^ alkyl -NR 2f 

xiv) -OP(OXORx)2 wherein R x is H or aryl. or 
05 xv) 

o 

a 

-O- C -C^aikyi substituted with one or more of amine or quaternary amine; 

c) Heterocycle as defined below, unsubstituted or substituted with one or more of 
i) halo, ^ 

40 5) -OR, wherein R is H, Ci-*aikyi, or d^alkenyl, 

ni) 
O 
a 

-COR. 
iv) 
.5 <? 

-CNR 2 . 
vJ-CHzNFb, 

vi) -S0 2 NR 2 , 

vii) -NRa, 
so viii) 

9 

-NH CR. 

xi) d-4 alkyl, 
x) phenyl 
55 xi)-CF 3 , 
xii) 
R 

- N-SOaR, 
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xiit) phenyl alkyl, 

xiv) -0P(O)(0Rxh wherein R K is H or aryl, or 



s -0- C -Chalky! substituted with one or more of amine or quaternary amine; 

d) A 5 to 7 membered* carbocyclic or 7-10 membered bicyclic carbocycfic ring which is either 
saturated or unsaturated, such as cyclopentane, cyclohexane, indan, norbornane. or naphthalane, the 
carbocycfic ring being unsubstituted or substituted with one or more of 
i) halo, 

70 ii) -OR, wherein R is H or alkyl, 

HO 
O 
It 

- COR. 

iv) -C NR 2 , 

v) -CH 2 NR 2 

vi) -SOaNRz. 
vO) -NR 2l 
vfii) 

-NH CR, 
xi) alkyl, 

x) phenyl 

xi) -CF 3 . 
25 xii) 

R 

- N -SO2R, 

xwi) -OP(0)(OR x )2 wherein R x is H or aryl, or 
xiv) 

» ? • 

-O- C -Ci-4a!kyl substituted with one or more of amine or quaternary amine; 
or pharmaceutically acceptable salts thereof. 



35 In the compounds of the present invention, the A, G, B and J components and the like may have 
asymmetric centers and occur as racemates, racemic mixtures and as individual diastereomers, with ail 
. isomeric forms being included in the present invention. 

When any variable (e.g^ aryl. heterocycle, R, R\ R 2 , R 3 . R\ R 7 , R 10 , R 11 , R ,2 ( R 14 , R ,s . R 16 , R 17 . Ae, n, 
2, etc.) occurs more than one time in any constituent or in formula I, its definition on each occurrence is 

40 independent of its definition at every other occurrence. Also, combinations of substituents and/or variables 
are permissible only if such combinations result in stable compounds. 

As used herein except where noted, "alkyl* is intended to include both branched- and straight-chain 
saturated aliphatic hydrocarbon groups having the specified number of carbon atoms (Me is methyl, Et is 
ethyl, Pr is propyl, Bu is butyl); "aJkoxy" represents an alkyl group of indicated number of carbon atoms 

45 attached through an oxygen bridge; and "cycloalkyl" is intended to include saturated ring groups, such as 
cyclopropyl, cydobutyl, cydopentyi, cyciohexyl (Cyh) and cycloheptyl. "Alkenyt" Is intended to include 
hydrocarbon claims of either a straight or branched configuration and one or more unsaturated carbon- 
carbon bonds which may occur in any stable point along the chain, such as ethenyi, propenyi, butenyl, 
pentenyl, and the like. "Halo*, as used herein, means ftuoro, chtoro, bromo and iodo; and "counterion" is 

so used to represent a small, single negatively-charged species, such as chloride, bromide, hydroxide, acetate, 
triftuoroacetate, perchlorate, nitrate, benzoate, maleate, tartrate, hemitartrate, benzene sulfonate, and the 
like. 

As used herein, with exceptions as noted, ""aryP is intended to mean phenyl (Ph) or naphthyl. 
"Carbocyclic" is intended to mean any stable 5- to 7-membered carbon ring or 7- to 10-membered bicyclic 
55 carbon ring, any of which may be saturated or partially unsaturated. 

The term heterocycle, as used herein except where noted, represents a stable 5- to 7-membered mono- 
or bicyclic or stable 7- to 10-membered bicyclic heterocyclic ring which is either saturated or unsaturated, 
and which consists of carbon atoms and from one to three heteroatoms selected from the group consisting 
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of N. 0 and S. and wherein the nitrogen and sulfur heteroatoms may optionally be oxidized, and the 
nitrogen heteroatom may optionally be quatemized, and including any bicyciic group in which any of the 
above-defined heterocycGc rings is fused to a benzene ring. The heterocyclic ring may be attached at any 
heteroatom or carbon atom which results in. the creation of a stable structure. Example of such heterocyclic 

s elements include piperidinyl, pipefazinyl. 2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrroiodinyl, 2-ox- 
oazepinyt azepinyl, pyrrolyl, 4-piperidonyl, pyrrolidinyl, pyrazolyl, pyrazolidinyl, imidazolyl. imidazolinyi, 
imidazolidinyl. pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl, isoxazolidinyl, 
morpholinyl, thiazolyl, thiazoiidinyl, isothiazolyl, quinuciidinyl, isothiazolidinyl, indolyl, quinoiinyl, 
isoquinolinyl, benzimidazolyl, thiadiazolyl, benzopyranyl, benzothiazoiyl, benzoxazolyl, fury I, tetrahydrofuryl, 

io tetrahydropyranyl, thienyl, benzothienyl, thiamorpholinyl, thiarnorpholinyl sulfoxide, thiamorpholinyl suifone. 
and oxadiazotyl. 

One embodiment of the compounds of the present invention encompasses those compounds of 
Formula I in which B is independently present twice and Z is O. In this embodiment, it is preferred that J is 
NH 2 and Q is 



15 



20 



30 



35 



40 



4$ 



50 



55 



R 9 



H " l X H 

I I I 

OH W OH 



A second embodiment of the compounds of the present invention consists of those compounds of 
25 Formula I in which B is present once and Z is O. In this embodiment, it is preferred that Q is 



H | X H 

- I,CH ; \IL c Hi : or vj^" 

I - I I 

OH W OH 



A third embodiment of the compounds of the present invention encompasses those compounds of 
Formula I in which B is absent In this embodiment it is preferred that Q is 

R 9 

H | X H 



I I I 

OH W OH 

A fourth embodiment of the compounds of the present invention encompasses those compounds of 
Formula I in which G is 

OH R 9 NH 2 R 9 

-NH^A^A^ or "NH^A^A^ 



A fifth embodiment of the compounds fo the present invention encompasses those compounds of 
Formula 1 in which G is 
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-NH 



r 



OH R 



NH 2 R s 



or -NH 




and B is absent or present once. 

A sixth embodiment of the compounds of the present invention encompasses those compounds of 
10 Formula I in which G is 



OH R 



NH 2 W 



-NH- 



75 




or -NH- 




20 



B is absent or present once, and 



J is 



25 



-NH !-C~- 

R* 4 



-R* 7 

n 



A seventh embodiment of the compounds of the present invention encompasses those compounds of 
30 Formula I in which 



A is 



R 3 0 
R 2 — C-O— C 



95 



if 



40 



45 



OH R 9 NH a R 

C is -NH^^v^^y or "NH>yA^A^ 
n « Q o 9 O 



B is absent or present once, and 



so 



J is -NB UC-- 



- R 



17 



ss 



Preferred compounds of the present invention are compounds I, II, III, IV, V. VI. and VII as follows: 
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Compound I : 




N • - ( 1 . 1-d imethylethoxycarbonyl )-5 ( S )-amino-M S ) - 
hyrdroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl-leucyl- 

phenylalanylamide ; 
Compound II: 




N-Benzyl-N'-d.l-dimethylethoxycarbonyD-SCS^-amino-^CS)- 
hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl-leucyl-amide ( 
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Compound III: 



5 



10 




N-benzvl-N ■ - U . 1-d imethylethoxycarbonyl )-5 ( S )-amino- 
4(S)-hvdroxy-6-phenyl-2(R)-(phenylmethyl)-hexanoic 

carboxamide . 
Compound IV: 



25 



30 



35 




N f -(l.l-dimethylethoxycarbonyl)-5(S)-amino-4(S)- 
hydroxy-6-cyclohexyl^2(R)-(phenylm€thyl)hexanoyl- 
leucyl-phenylalanylamide : 
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Compound V: 




N f -(1 • l-dimethyl€th03cycarbonyl)-5(S)-amino-4(S)- 
hydroxy-b-phenyl-2(R)-(ph€nylmethyl)hexanoyl-leTicyl- 
phenylalanine methyl ester; 

Compound VI : 




N • - ( 1 , 1 -d i me t hy 1 e t hoxy c ar bony 1 ) - 5 ( S ) -ami no-4 ( S ) - 
hyd roxy-6-pheny 1-2 (R) - ( pheny lmethy 1 ) hexanoy 1- 
isoleucylamide; and 
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Compound VII: 




N-(2-(methanesulfonylajnino)ethyl)-N , -(l t l-dimethyl- 
ethoxycarbonyl)-5(S)-amino-4(S)-hydroxy-6-phenyl-2(R)- 
(phenylmethyl) hexanoyl-leucylamide . 

Other compounds of the invention include, but are not limited to: J-DimethylethoxyrabonylJ-SfSy- 
amirw-^SJ-hydroxy-S-phenyi^R)^ 

N-Benzy1-N'(1 ,1 -Dimethy tethoxycarbonyl)-5(S)-amino-4{S)-hydroxy-6-pheny l-2(RHphenylmethyl)hexanoy»- 
leucyl-amide, 

5(SH(1 ,1-Dimemylethoxy<^onyl)-aminoH<S)-hyd 

N '-<1 .1 -DimethylethoxycartMny l)-5(S)-amino^S)^ydroxy-6^ 

phenylaianylamide, 

5{SH(1 J -Dimethylethoxycarbony l)amino]^S)-hydroxy^henyl-2(R)(phenylmethyI)hexanoyl Leu-<4-»-Phe>- 
amide, 

5($H(Phenylmethyloxyrarbonyl)amino}^ Leu-Phe-amide. 
5(SK0 .l^methylethwycanbonyiyam^ Leu-Phe-amide, 
3-<1(S)-Ber^loxycarbonylamino-2-phenylethyl phosprMny1)-2(S^Hph0ny*nrtethy1)propanoyi-L-Leu-Phe- 
amide, 

N-{4-{(Benzyloxycarbony l)amino]butyll-5<SH<1 .1 -dimethytethoxy )carbony lamino J-4<SHiydroxy-6-phenyl-2- 
(RHphenylmethyl)hexanoyl-Leu-amide, 

.1 -Dimethytemoxycartx^yl)-5{S)-am^ 
phenylalanine methyl ester, 

5{SH(1 ,1^methylethoxy<aut>onyl^^ Leucine- 
Phenylalanine amide, 

5(SH(1 .l^methytettoxycar^ 
amide, 

5(SH(1.1^methylethoxy<»rbon^^ 
hydroxy-1(S)-(phenylmethyl}ethyl-Leu amide, 

5(SH0 ,1^methy«ethoxycarbonyl)-amirK)H{S)-hydro amide, 

r4<2HMetruuiesuKonylamto 

(phenylmethyOhexanoyMeucylamide, 

5(SH(1 ,1-Oimethylethoxycarbonyl)^ amide. 

5<SM(1.1-Dimethyletrtoxycart^ 

hexanoyl-Leu-Phe amide, 

5(SH(1 .1 -Oirnethy lethoxycarbony l>amino]^ 

amide, 

5(SH0.1-Oimethyletr»xy(2irbon 
Leu*Phe amide, 

5<SH(1 .1 -Oirrathy lethoxycanbony l)-am™ 
5{SH<1 .1^»rnemytethoxy<*rixm^^ 



19 



EP0 337 714 A2 



hydroxy-1(S)-phenylethyl)Leu amide, 

5<SH0 .1 -Dimethylethoxycarbonyl>-amino]-4{SHiydroxy-6-pheny l-2(R)-(phenylmethyl)-hexanoyl-N-(2- 
acetamidoethyl)Leu amide, 

5(SH(1 .1^imethylethoxycarbonyl)-amino]-4(SHiydroxy-6-phenyl-2(RH3 phenyl-prop-2-en-l -yl)-leucine- 
phenylalanine-amide, 9 
5(SH0.1-Oimethylethoxycarbonyl)-amino]^S 
hydroxyethyt)Leu amide, 

5(SH0.1-Oimethylethoxycarbonyl)-amino]^S)^ 
benzylamkte, 

5(SH0 J timothy lethoxycarbonyl)aminoh4<S)-^^ 
amide* 

4(SH(1 .1 -Dimethy lethoxycarbony l)amino]-3<S)-hydroxy-6-rnethy Iheptanoyl-glutamyl-pheny (alanine amide, 
5(SH0 - 1 -Dimethy lethoxycarbony l)amirwH(S)-hydroxy-6-phenyl-2(RHphenylmethyl)hexanoyl-N-(4- 
dimethylaminopropy l)-He-amide , 

5(SH(1 .1 -Dime%iettioxycartonyl)aminoh4{S)-hydroxy-^^^ 
phenylalanine amide, 

5(SH0 J-Oimethylethoxy<^rtxDnyl)aminor^Shhydroxy^ valine amide, 

5(SH(1 .1 -Oimethylethoxycarbonyl)amino J-4{S)-hydroxy-6-phenyl-2(R)-(pheny1methyl)hexanoyKeu-Phe- 
benzyl ester. 

5(SH(1 .1 -Oimethylethoxycarbonyi)aminoH<S>-hydroxy-6-phenyi-2(RH4 -phenyl-pheny lmethyl)-iso!eucine- 
N-benzyl amide, 

5(SH0 .1 -Oimethylethoxycarbony t)aminoH<S)-hydroxy-6-{2-naphthyl>-2(R)-(phenylmethyl)hexanoyl-Leu-Phe 
amide, 

5(SH0 .1 -DimethylethoxycartXKiyl)amino]-4(S>-hydroxy-2(R).6-dipheny Ihexanoy l-Leu-Phe amide, 

5(SH0 .1-Dimethylethoxycarbonyl)aminor^ 

dimethylamino ethyl)-He amide, 

5{SH0.1-Oimethylethoxycartx)nyl)^ 

pyridylmethyQtle amide, 

5(SH{1 .1 -OimethyletrK^carlDonyl)amino}^ 

benzylamide, 

5(SH0.1-Oime%letrwxycarbonyl)am^ 
amide. 

^Methyi-5-amino-5Kieoxy-2,3,0HS^ 
hydroxy*6-phenyi-2(R)(phenytmetriyfHiexanoyl He amide, 
5(SH(1 .1 -Oimethy lettwxycartx)nyl)amino}^S)^ydrox^ 
neopentylgiycine amide, 

N-(2(S,R)-Hydroxy-1 (R.SHndanyf)-5(SH1 .1 -<fimethy lethoxycarbony lamino>-4{S)-hydroxy-6-pheny l-2(R>- 
phenytmethyfhexanamtde, 

5{SH1 .1 -Oimethylethoxycarbonylamino)^SHiydroxy'^he^ 
phenylalanine amide, 

5(SH1 .1 -Oimethylethoxycarbony lamino)^S^hydroxy-6^henyl-2(RHpheny Imethy l)hexanoy l-N^4- 
dimethyfamino propyl)-VaJ amide, 

rH^thyl^-amino-5-deoxy^-0-ribosyl)-5(SH1 .1 <iimethylethoxycarboriylamino>^SHiydroxy-6-phenyl-2- 

(RHphenylmethyOhexanoyHIe amide, 

5(SH0 .1 -Dimethytettoxycartonyljamiro 

butylglycine-tonzytamide, 

5(SH(1 .1 -Dimethy lethoxycartx)ny1)amiro 

dfaydroxy-propyl)-lle amide, 

5{SH(1 .1-D(methytetr»xycarbony^^ 

cyclohexylgiytine-amide, 

5{SH(1 .1 -Dime%lethoxycarbonyi)aminoH(S)^ 'y l)hexanoyt-N- 

(3-dimethyt amino propyl) valine amide, 

N^1,1-0imethyfetrtoxycarb^ 

hexanoyHS)-pheny!giycyK2-hydroxyethyf)amide, 

5(SH1.1-Dimethylethoxycarbortylamino^ 

(pheny(methyl)-valine amide, 

N^cis-2(S,R)Hydro>cy-1(R,SHrKiany^ 

benzyloxyphenylmethyl)-2(RHphenytmetrtyl)hexanamide, 
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5{SH1 ,1 -Dimethylethoxycarbony laminoH(S)-hydro)cy^-phenyl-2(RHphenylmethyl)-hexanoyl-N-[2- 
pmkla20l-4-yf)-1 -{hydroxymethy l>-propyll-lle-arnid0 f 
4<SH(M-CHmemyletaoxycaifconyl)amirK>h3<S^ 
amide, 

5(SH(1.1-Oimethylemoxyc^onyl)aminoH(S>-hydroxy-6-phenyl-2(RH3 phenylprop-2 -en-1 -yi) hexanoyl - 
(S)-phenylglycine amide, i 

5(S)-[{1 , 1 -Dimethy lethoxycartoonyl)amino]-4(S)-hydroxy -6-pheny i-2(RH4-nitropheny Imethy l)phenyiglycine 
amide, 

5(SH1.1-Dimethylethoxycartxxiylamino}-4<^^ 
amide, 

N-(2(S or R)-hydroxy-1,2.3,4-tetrahydro-1(R or S)-naphthylh5(SH1.1-€*innethylethoxycarbonylamino)?4(S)- 
hydroxy-6-phenyi-2(R)-phenylmethyl hexanamide, 

N-(2(R or S)-hydroxy-1 t 2,3,4-tetrahydro-1(S or R)-naphthyl)-5(SH1 ( 1 -dimethy lethoxycarbonylamino)-4{S)- 
hydroxy-6-phenyW(R)-pheny1methyl hexanamide, 

N-<cis-2(S,R)-Hydroxy-1 (aS)-indanyl)-5(SH1 .1 -dimethy lethoxycarbonylaminoH(S)-hydroxy-6-{4. 

hydroxy phenyl)-2(R)-ph8nylmethyihexanamide f 

5(SHU^nwthylethoxycafbc^^ 

hydroxypropyl)-VaJ-amide. 

N-(cis-2(R>-Hydroxy-1 (S>-indany1}-5{SH1 .1 -dimethy lethoxycarbonyiamino)-4(S)-hydroxy-6i5henyl-2(R)- 
phenylmethyi-bexanamide, 

5(SHl.1-0imethylethoxycarbonylamino>-4{S)-hydroxy-3(S or R>-hydroxy-6-phenyl-2(R)-phenyImethyl- 

hexanoyl-Leu-Phe-amide, t , 

5(SM1 t 1-Oimethylethoxycarbonylamino)^S>^ydroxy^phenyi-2(RH3 -phenylprop-2-en-1 -yf)-hexanoyl-N- 

(2(R f S),3-dihydroxypropyi)pheny!glycine amide/ 

5(SH(1.1-Dwnethytetho>c^^ 

benzimidazolyl methyl)lie amide 

5(SH1 .1 -DimethytettK>xycartx)nylamino)^S>-h^ 

He amide, 

N^Methyl-5-amince5^eoxy-/3-D-ribosyl)-5(SH'l » 1 -dimethylethoxycarbonylamino)-4(S)-hydroxy-6-phenyI-2- 

(R)-phenylmethyihexanoyl-Val amide, 

N-(Methyl-5-amino-5«ie^ 

hydroxy-^-phenyl-2(RHpheny(methy!)hexanoyl-Vai amide, 
5(SH1 .1 -Dimeftytethoxycartxwyto^ 
methoxyethoxy)ethyl£soleucine amide, 

5(SH1.1-Dirnethylethoxycart)om/lamino)^SHiyd (R.S),3 - 

dihydroxypropyl)-phenytglydne amide. 

[4<SH1J-DimethylethoxycarbonylamirK))-3(S)-hydroxy-5^ 

amide, 

5<SH0 .1-tfrrwthytethoxyOT^^ 
imidazo)yl)6lhyl] vafine amide, 
rHds-2(RhHydroxyM(SHndany^^ 
phenyfprop-2 -en-l'-y1)hexanamide ( 

N-(1(R or S) f 2(S or R)-Dihydroxy-3-(S or RHndanylh5(SH1.1^imethylethoxy(arto^ 
8-phenyl-2(RHpheny!rnethyl)hexanamide f 

N-{2(RhHydroxy-1 (S)-indanyll-5(SH(1 .1 <iimethylethoxycarbonyl)am^^ 
2(RHpHenylmethyl) hexanamide, 

5(SH(1.1-Dimethylethoxycarbonyi)^ valine 
amide, 

rHcfc-2<RH4ydro>cy-1<SHrK^ 

kxk>phenyi)methyl)hexanamide f 

5(SH(1 ,1 ^methylethoxycarbony1)amiiw^ 

ptperkfiny()ethyl)vaiine amide, 

5(SH(1 »1 -Dimethyiethoxycartxinyl)^ 

hydroxyethyi)valine amide, 

5<SH0 .1 -DlmethytethoxycartX)nyiyaminoh2(R)^ 

methoxyethoxy>^thoxyjethyl)iso4eiicine amide, 

5(SH1.t-Oimetm/lethoxycarbonylamino>-2(R)^henylme% 

dimethylaminonaphthylsulfonamido)ethyi]tso!eucine amide. 
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5(SW1 . 1 -Dtmethylethoxycarbonyla™^ 
diethylamino-2(R.S)-hydroxypropyt)valine amide. 

N-<1<R or S). 2(S or R)-dihydroxy-3-<S or R)-indanyl)-5(SH1 jKiimelhylethoxycarbonylaminoH{S)-hydroxy- 

6-{4'-tiydroxyphenyl)-2(RHphenyImethyl)hexanamide, 

NHds-2(RHHydroxy-1(S)-tndanyl)-5(SHM 

dimethylaminomethyl^hydroxyphenyl)-2(R)-(phenylmethyl)hexanamW 
5(SH(1.1-tfmethylethoxycarbonyl)amino]^ 
benzimidazoylmethyl)va(ine amide, 

5(S)-[(1 .1 -Dimethylethoxycaroc^yl)amino]-4(S)4iydro^ H- 
imidazol-4-y -hydroxymethylethyl]va!ine amide, 

N-<cis-2(R)-Hy droxy-1 (S)-indanyl)-5<SH0 . 1 imethy lethoxy carbony l)aminoH(S)-hydroxy-6-<2-naphthy l)-2- 
(Rh(phenylmethyi)hexanamide, 

5(S)-[( 1 ,1 -Dimethy lethoxycarbonyl)amino}-4{S)-hydroxy-6-pheny l-2(RHpheny lmethyl)-hexanoyl-N-(4- 

dimethylaminobenzyl)vaiine amide, 

5(SH0.1-Wmethylemoxycarbonyl)aminoH(S)-hya^^^ 

benzimidazolyimethyt)phenylgIycinearnide. 

3[W1RM1J^imethylethoxycart»nyl^ or R)-phenylmethyl-N-(2(R)- 

hydroxy-1 -indanyl)propanamide, 

5{S)-[{1 J-Oimethylethoxycarbonyl)amino)^(S)-hydroxy-6-phenyl-2(RHphenylmethy 
benzimidazolyl)valine amide, 

N^2(R)-hydroxy-1(SHnclany])-5(SH(^Py^ 
(phenylmethyljhexanarnide, 

N-{2( R)-hydroxy-1 (S)-indanyl)-N'-[(1 -methylethoxycarbony l)aminoH<S)-hydroxy-6-phenyl-2(R)- 
(phenylmethyl)hexanamide, 

5{SH1 .1 -Dimethylethoxycarbony lamino)^S)-hydroxy-6-phenyl-2(RH4'HOdophenylmethyi)hexanoyl-N-(3 # - 
dimethylaminopropyl)-vafine amide, 
N-(benzyl)-5(SH1 .1-dimethylethoxycartonylam^ 
valine thtomide, 

N^l (R).2(S)-dihydroxy-3(SHndahyi)-N'-<1 jKlimethyIethoxycafbonylamino)-4(SHiydroxy-6-phenyl-2(R)- 
(3phenylprop-2'en-yl)hexanamide ( 

N-[4(S)-ber*opyranyl}-5(SH1.1-d™e^ 
hexanamide, 

N-[4<R,S}-benzopyrany l}-5(SH1 .1 -dimethy tethoxycarbonylamino)-4<S)-hydroxy-6-pheny l-2(R>- 
(phenyimethyl)hexanoyhvafine amide, 
^aMyl-5-amino-5Kieoxy-2 t 3^sopropylkiene-0^^ 
hydroxy-6-phenyl-2(RHpr)enylmethyl)hexarioyl-valine amide, 
5(SH0.1^methytethoxycarboriyl)am^ 
methylaminoethyl)-vaiine amide, 

N-(cis-1 4iydroxy-cyclopertt-2-en-3-y l)-5(SH1 . * -dimethylethoxycarbony laminoM(S)-hydroxy-6-pheny I-2(R)- 

(phenylmethyl)hexanamide, 

5(SH(1 .1 -rfimethyiemoxycarbony l)amino 

5-isoxazofoyi-methyf)valine amide, 

NKcis-2(R)-hydroxy-1 (SHndanyt}^(S)^nzyloxycarboriylamino -4(S>-hydroxy-6-phenyl-2(RHpheny1methyl)- 
hexanamide, 

^24iydroxyethyl)-5(SH1.1^rneth^ 
isoleucyf-amtde, 

5(SH1 .1 -dimethy lethoxycart»nylamirro 
phenyl glycine amide, 

N-{cis-2(R or S)-ammocarbonyM(S or R)-indanyl)-5(SH1i1 -dimethy lethoxycarbonylaminoHKS)-hydroxy-6- 
phenyf-2(RHphenylmethyl)hexanamide, 

N-(2<R)-hydroxy-1 ($Hndanyl)-5<$H(1 ,l^methyiethoxycartx3nyl)amino]^SHiydro^ 
(RH^-hydroxyphenytmethyOhexanarnlde, 

N-(cis-2(R or S)-cart>oxy-1 (S or R>-indanyl)-5(SH1 ,1 -dimethy lemoxycarbonylamino)-4{S)-hydroxy-6-phenyh 
2(RHphenylmethy0hexanamtde, 

N-(cis-2(R)-hydroxy-1 (S)-indanyi)-5-<1 J-dimemylethoxy<^bony1anTino)^S)-hydroxy-^phenyl-2(RH 4 - 

mtrophenyimethyl)hexanamide, 

5(SH 1 . 1 -dirnethyletrtoxycauixony1amino}^S)^ 

hydroxyethyl)-phenylglycine amide, 
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N-(cis-2(R)-hydroxy- 1 (S)-indany l)-5(S)-( 1 . 1 -dimethy lethoxycarbony lamino)-4<S)-hydroxy-6-pheny i-2(R)-(4- 
aminopheny Imethy D-hexanamide, 

n'-<1 .1 dimethy tethoxyc^bonyl)-5<S)-amino-4{S)-hy - 
morpholino)propyl)]-valine amide, 

N-[5-amino-5-deoxy-D-ribosy l>5(SH^ . 1 -dimethy lethoxycarbony lamino)-4(S)-hydroxy-6-phenyl-2(R>- 

phenylmethyl-hexanoyl-varme amide, 

N-(5-amino-5-deoxy-2,3.0-isopropylidene-M^ 

phenyl-2(R)-(phenyimethyl)hexanoyl-vafine amide, 

5{SH(1,1-dimethytemoxycarbonyl)amino^^^ 

pyridylmethyl)valine amide. 

5{SH(1 . 1 -dimethylethoxycarbonyl)aminoh4(S)-hydroxy-6-phenyl-2(R)-(pheny Imethy ()hexanoy l-N-<2- 
pyridylmethyl)valine amide. 

5{SH(1.1^imethylemoxycarbc^yl)amino]-4(R)-benzyl-4{S)-hydroxy-6-phen 
methoxyethoxy)ethoxylethyl)valine amide, 

5(SH(1 .1 -dimethylethoxycarbonyl)amino]-2(S)-hydroxy-6-pheny l-2(R)-(pheny Imethy l)hexanoyi-N-(3- 

pyridyimethyl)valine amide, 

N-Icis-3(S)-hydroxy-4<S)-c«ruopyranyl]-5(SH^ 

phenylmethyl-hexanamkte, 

N-{1 R,2S-dihydroxy-3S-indanyl)-5<$M'U -dimethylethoxycarbonylaminoH(S)-hydroxy-6-{4 -hydroxyphenyi)- 
2(RH 4 -hydroxyphenyl)rriethylhexanamide, 

N-(cis-2(R)-hydroxy-1 <S)-indanyI)-5(SM1 .1 -dimethy iethoxycarbonylaminoH(S)-hydroxy-6-phenyl-2(R>- 
(phenylthiomethyl)hexanamide f 

Oilithium N-(2-phosphory)oxyethyl)-5(S)-(l , 1 -dimethy iethoxycarbonylamino)-4(S)-hydroxy-2(R)- 

(phenylmethyl)hexanoyi-isoleucylamide, 

rHMethyl-5-amino-5-deo)CY-<a^^ 

2(R)-{phenylmethyl)hexanoyHIe amide, 

5(SM(4-pyridylmethoxycarbonyl)amino}^^ 

benzimidazofy Imethy l)-lle amide, 

N-(cis-2(R)-hydroxy-1 (S)-indanyl)-5<SM1 ,1 -dimethylethoxycarbonylamino)-4(S)-hydroxy-6-phenyh2(R)-(4- 
(1 f 1-dimethylethyi)phenylmethyl)hexanamide, 
or pharmaceutical^ acceptable salt thereof. 

The pharmaceuticaily-acceptable salts of the compounds of Formula I (in the form of water- or oil- 
soluble or dispersibte products) include the conventional non-toxic salts or the quaternary ammonium salts 
of these peptides, which are formed, e.g., from inorganic or organic acids or bases. Examples of such acid 
addition salts include acetate, adipate. alginate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, 
citrate, camphorate, camphorsuifonate, cyclopentanepropionate, digluconate, dodecylsulfate, ethanesul- 
fonate, fumarate, glucoheptanoate, glycerophosphate, hemisulfate. heptanoate, hexanoate, hydrochloride, 
hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, methanesulfonate, 2-naph- 
thalenesuifonate, nicotinate, oxalate, pamoate, pectinate, persulfate. 3-phenylpropionate. picrate, pivaJate, 
propionate, succinate, tartrate, thiocyanate, tosylate, and undecanoate. Base salts include ammonium salts, 
alkali metal salts such as sodium and potassium salts, alkaline earth metal salts such as calcium and 
magnesium salts, salts with organic bases such as dicyclohexylamine salts, N-methyl-D-glucamine, and 
salts with amino acids such as arginine, lysine, and so forth. Also, the basic nitrogen-containing groups may 
be quatemized with such agents as tower alkyl halides, such as methyl, ethyl, propyl, and butyl chloride, 
bromides and iodides; dialkyl sulfates like dimethyl, diethyl, dibutyl; and diamyl sulfates, long chain halides 
such as decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides, aralkyl halides like benzyl and 
phenethyl bromides and others. 

HIV protease inhibitors of Formula I may be prepared in accordance with well-known procedures for 
preparing peptide analogs from their constituent amino acids or analogs thereof. In general, once the G 
substituent is made, the rest of the synthesis follows the principle of amide bond formation by the coupling 
methods of either solution-phase or solid-phase peptide synthesis. The addition and removal of one or more 
protecting groups is also typical practice. 

Structures and abbreviations for the G components of the inhibitors of the present invention include: 
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OH / 

1 . . ^2 \ /\ /\ ,OH 



\A/v' 



10 a hydroxyethylene dipeptlde isostere prepared, for example, by an intermediate lactone according to Evans, 
B.E. et a[ J. Org. Chem. 50. 4615(1985) or Kempf, DJ. J. Org. Chem. 51, 3921(1986). Synthetic routes to 
similar peptide bond isosteres, such as 



is 



20 



25 




H-N 



H OH /\ 



30 



35 



40 



50 



55 



Calf CH(OH)CH 2 ] Val. 



are readily available. The intermediate B0C-Cal[CH(0H)Ofe]VaK)H lactone is obtained from intermediates 
prepared using methods described by P. Buhlmayer et al, in Published European Patent Application 
184.550-A2. Other synthetic routes to peptide bond isosteres of like character are described in the 
following: 

a. Szelke et al, in Peptides. Structure and Function, Proceedings of the Eighth American Peptide 
Symp( ed. VJ. Hruby and O.H. Rich) pp. 579-82, Pierce Chemical Co., Rockford, IU 

b. O.T. Pals et al in European Patent Appln. 1 73,481 -A2: 

c. AM. Fray et al, J. Org. Chem., 4828-4833 (1986); and 

d. M. Szelke et al, PCT Int Appl. WO 84 03.044; 

Structures and abbreviations for other G components of the inhibitors of the present invention include: 



3. 



OH O 
ACHPA 



with 80C-ACHPA-OE1 being prepared by the method described by Boger et al.. J. Med. Chem., 1985, 28. 
1779-1790; — 
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4. 



10 




with BOC-Sta-OEt being prepared in accordance with the procedure described by Rich et al„ J- Org. 
, 5 Chem. f 43,3624(1978); 



20 



25 



5. 



H— H 




30 



AHPPA 



with BOC-AHPPA-OEt being prepared as described by Rich et ah. J. Org. Chem. f 23, 27-33 (1980); 



35 



40 



AnftCHPA 



50 




ss with BOC-AmSta(CBZ)-OH being prepared as shown in the following Scheme, and BOOAmACHPA(CBZ)- 
OH being prepared as illustrated in the Scheme by substituting BOC-ACHPA-OEt for BOC-Sta-OEt 
Synthesis of protected 3-amino-3-deoxy-(3S. 4S)-statine: 
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BOC-NH C-OEt 
r n 

. OH 0 



t.t. i 


0 
ii 


pyridine 


CH 3 -S 


1-3 hr. ^ 


k 0 




1 Evap . 


> 


L Pump 



l 



Aqueous workup 

EtOAc/lOX citric acid (Pre-shaken before 

dissolving up 
. crude product) 



Oiled out from 
EtOAc/Hexane 



BOC-NH 




OEt S reater than 95Z yi- ld 



0 — S-CHn greater than 95Z purity (TLC, NMR) 
it J 
0 
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CDCI3 | (nBu) 4 *$N3 ® 



If 



eq. , 45'C, 18 hr 




BOC-NE V C-OEt 

N 

0 



+ 20% elimination 
Aqueous 

workup 100Z elimination 



CHCl 3 /EtOH j Pt0 2 /H 2 



4 



40 lbs . , 4 hr 



NH 2 0 



The amine is isolated by extraction into weak acid/Protection of the amine function is performed as follows: 




BOC-NH V C-OEt 

If 



NH 2 0 



27 



EP 0 337 714 A2 



s 



Et 3 N 
CH2 C1 2 




0-C-O- 1 



ro 



U 

0 



20 



BOC-NH 




-OEt -f" excess CBZ reagent 



NH-CBZ 0 



25 



(predominantly R at position 3 
as shown). 



Base hydrolysis gives the free acid for incorporation into the synthesis of the compounds of Formula I; or 
alternatively, this material may be prepared as described by Jones et aft, in Peptides, Structure and 
30 Function. Proceedings of the Ninth American Peptide Symposium (eds. C. M. Deber. V.J. Hruby and K. D. 
Kopple) pp. 759-62, 1985, Pierce Chemical Co., Rockford, IL; Arrowsmith et al, J. Chem. Soc. Chem. 
Comrnun. 755-7 (1986); and Raddatz et al. Published Eur. Pat Appl. 161 .588; 
with efficient methods for preparing the 2-substituted statine component G (such as 



in a suitably protected form being described in Pub. Eur. Pat Appln. 157,409 (with other pertinent 
references including O. Veber et al, Biochem. Soc. Trans., 12, 956-959 (1984) and H. Stein et al. Fed. Proc. 
45, 869, Abstract No 4151 (1986)). 

Amide couplings used to form the compounds of this invention are typically performed by the 
carbodiimide method with reagents such as dcydohexylcarbodiimtde, or N-ethyl, n'-(3- 
dimethylaminopropyl) carbodiimide. Other methods of forming the amide or peptide bond include, but are 
not limited to synthetic routes via an acid chloride, azide, mixed anhydride or activated ester. Typically, 
solution phase amide couplings are performed, but solid-phase synthesis by classical Menifield techniques 
may be employed instead. 



35 




40 



45 



( 2 - is o but y 1) RCHPA 
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The selection of protecting groups is, in part, dictated by particular coupling conditions, in part by the 
amino acid and peptide components involved in the reaction. Such amino-protecting groups ordinarily 
employed include those which are well known in the art for example, urethane protecting substituents such 
as benzyloxycarbonyl (carbobenzoxy), p-methoxycarbobenzoxy, p-nitrocarbobenzoxy, t-butyloxycarbonyl, 
5 and the like. It is preferred to utilize t-butyloxycarbonyl (BOC) for protecting the a-amino group in the amino 
acids undergoing reaction at the earboxyl end of said amino acid, in part because the BOC protecting group 
is readily removed by relatively mild acids such as trifluoroacteic acid (TFA), or hydrogen chloride in ethyl 
acetate. 

The OH group of Thr, Tyr or Ser and analogs thereof may be protected by the Bzl (benzyl) group and 
w the epsilon-amino group of Lys may be protected by the IPOC group or the 2-chlorobenzyloxycarbonyl (2- 
CI-CBZ) group. Treatment with HF or catalytic hydrogenation are typically employed for removal of IPOC or 
2-CI-CBZ. 

One scheme for preparing compounds of Formula I is presented below. Example I specifically 
illustrates the application of the following Scheme (I) to specific compounds. 

15 

SCHEME I 



20 



25 



35 



40 



n 5F»*Et 3 0 

(CHOlSiCHittgCl ^ _ ; 



R » a 
a 



O 



2) diethyl ralonac«. ^ rOOEt 



R* • odium •choxida a 



^Y^\* 25 citric acid b 



Illustrations of the product of Scheme I includes the following compounds of Table I 
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XASLE-L 
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a- 



PhCH 2 - 



10 




CH 2 - 



CH 3 (CH 2 )3- 



20 



PhCH 2 0 



-<Q>-CH 2 - 



25 



30 



35 



40 



PhCH 2 0 



PhCH20CH2" 
CH 3 

PhC^OCH- 



<CH3)2CHCH 2 - 

PhCH 2 - 
(CH3) 2 CH- 



-CH 2 Ph 



-CH 2 PH 



-CH 2 Ph 



-CH2CH*CH 



-CH2PI1 



CH 2 PH 



-CH 2 CH(CH3)2 

CH 3 
-CHCH 2 CH 3 

-CH 2 ph 
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5 




JO 

I 



J5 



20 



25 



30 



35 



40 



45 




50 



55 



EP 0 337 714 A2 




34 



EP 0 337 714 A2 

B groups are added onto the carboxyl terminal end by. for example, amide coupling in Scheme II. See 
Example 1 for specific illustration. 

SCHEME II 

5 



70 



re 



20 



25 




Products of Scheme II include compounds with substituents listed in Table II. 



05 
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10 



TABLE II 



? OH R 



BOCKH 




B-B-J 



15 



20 



25 



30 



35 



40 



PhCH,- 



PhCH 2 - 



PhCH 2 - 



PhCH 2 - 



PhCH 2 - 



PhCH 2 - 



-CH 2 -CB«CH-Ph 

-CH 2 Ph 

-CH 2 Ph 



-CH 2 Pb 



-CH 2 Ph 



-(CH 2 ) 3 CH3 



-CH 2 Ph 



B-B-J 



-LeuPhe[KH 2 ] 



-L«uPh«{NH 2 ] 
-Il«tNH 2 l 

-LetiNH — NHS0 2 CH3 

-LeuPhe{OCH 3 ] 
-L«tiPhefNH 2 J 

N 




45 



50 



55 



36 



EP 0 337 714 A2 



-A- 



B-8-1 




CH,- -CH 2 Pb 



— ^**2 



PhCH 2 - 

CH 3 (CB 2 ) 3 - 
PhCH 2 - 



PhCH, 




-CH 



Ph -LcuPhe[NH 2 ] 



^B 2 p h -LcuPhctNH 2 ] 

-CH 2 Ph -LeuNH, 



-OH 



Ph 



-CH 2 Ph 



FhCH 2 - 



-CH, 



€3 



O 



-LeuPh«[NH 2 ] 



PhCh 2 - 



0 
tt 



-CH 2 Ph 



-L*uWU y — NHCCB3 



PhCfl 2 - 



-CH ? Ph 



-LeuNH/ a OH 
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15 fl~ 

PhCH,- 



R\ 



B-B-J 



9 -CH^Ph 



-LeuPhe 



PhCH 2 - 



-CH 2 Ph 



-NH- 



io 




15 



PhCH 



-CH 2 Ph 



-UeNH 



(CH 3 ) 2 



20 



PhCH 2 0-CH 2 - 



-CH 2 -Ch 2 ~ CH 2" Ph -IlePhe [NH 2 ] 



25 



PhCH 2 0-Cfl- -CH 2 Ph 



ao PhCH 2- 



-IlcNH^^^/^ OH 
-CH 2 Ph _ -(CH 2 ) 2 NHS0 2 CH 3 



35 



PhCH 2 - 



-CH 2 -CH«CH-Ph -IleNH 




40 



PhCH 2 - 



-CH 2 Ph 



-m 




NH* 



45 



Ph 



Additional J groups are added by Schemes (lla and Mb. 
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< "1 o 



IXXtZ BocHK 

JO 



0K % 



See also Example 4. Product compounds include those of the following Tables Ilia & 1Mb. 
is TABLE Ilia 



OH R' b 
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__R a 2 Rfc 2 -NH-rI^ and o<-hPr J groups 

PhCH 2 >-CH 2 Ph . -NH-(CH 2 )2CH(CH3)2 

PhCH 2 -CH 2 Ph -NH-CH2~^^^NH 2 



PhCH 2 -CH 2 Ph -NH-CH 2 

CE3 

PhCH 2 -CH 2 Ph ' -NH-CH- 

CI 

PhCH 2 -CH 2 Ph -NH-CH 2 






CI 
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JftBT/E TTIb 



OH R* b 




"a 



^ a 2_ R t * .Jffi^L 



PhCH 2 -CH 2 Ph -N N-CH 3 



PhCH 2 -CH 2 Ph " W \ /*^* h 



PhCH 2 -CH 2 Ph 



-O 




PhCH 2 -CH 2 Ph N, 

a benzopiperidinyl J group 

B a i _S b a _ _ffi^E^_ 

CONH2. 

PhCH 2 -CH 2 Ph 
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The compounds of the present invention are useful in the inhibition of HIV protease, the prevention or 
treatment of infection by the human immunodeficiency virus (HIV) and the treatment of consequent 
pathological conditions such as AIDS. Treating AIDS or preventing or treating infection by HIV is defined as 
including, but not limited to, treating a wide range of states of HIV infection: AIDS, ARC (AIDS related 
s complex), both symptomatic and asymtomatic, and actual or potential exposure to HIV. For example, the 
compounds of this invention are useful in treating infection by HIV after suspected past exposure to HIV by 
e.g., blood transfusion, accidental needle stick, or exposure to patient blood during surgery. 

in the present invention, compounds with asymmetric centers may occur as racemates, racemic 
mixtures and as individual diastereomers, with all isomeric forms of the compounds being included in the 
10 present invention. 

For these purposes, the compounds of the present invention may be administered orally, parenteraily 
(including subcutaneous injections, intravenous, intramuscular, intrastemal injection or infusion techniques), 
by inhalation spray, or rectally, in dosage unit formulations containing conventional non-toxic 
pharmaceutically-acceptable carriers, adjuvants and vehicles. 
is Thus, in accordance with the present invention there is further provided a method of treating and a 
pharmaceutical composition for treating HIV infection and AIDS. The treatment involves administering to a 
patient in need of such treatment a pharmaceutical composition comprising a pharmaceutical carrier and a 
therapeuticaJly-effective amount of a compound of the present invention, or a pharmaceutically-acceptable 
salt thereof. 

20 These pharmaceutical compositions may be in the form of orally-administrable suspensions or tablets; 
nasal sprays; sterile injectable preparations, for example, as sterile injectable aqueous or oleagenous 
suspensions or suppositories. 

When administered orally as a suspension, these compositions are prepared according to techniques 
well-known in the art of pharmaceutical formulation and may contain microcrystalline cellulose for imparting 
25 bulk, aiginic acid or sodium alginate as a suspending agent, methylcellulose as a viscosity enhancer, and 
sweetners/flavoring agents known in the art. As immediate release tablets, these compositions may contain 
microcrystalline cellulose, dicaicium phosphate, starch, magnesium stearate and lactose and/or other 
excipients, binders, extenders, disintegrants, diluents and lubricants known in the art 

When administered by nasal aerosol or inhalation, these compositions are prepared according to 
30 techniques well-known in the art of pharmaceutical formulation and may be prepared as solutions in saline, 
employing benzyl alcohol or other suitable preservatives, absorption promoters to enhance bioavailability, 
flourocarbons, and/or other solubilizing or dispersing agents known in the art 

The injectable solutions or suspensions may be formulated according to known art, using suitable non- 
toxic, parenteraliy*acceptable diluents or solvents, such as mannitoi, 1,3-butanediol, water. Ringer's solution 
35 or isotonic sodium chloride solution, or suitable dispersing or wetting and suspending agents, such as 
sterile, bland, fixed oils, including synthetic mono- or triglycerides, and fatty acids, including oleic add. 

When rectaiiy administered in the form of suppositories, these compositions may be prepared by 
mixing the drug with a suitable non-irritating excipient such as cocoa butter, synthetic glyceride esters or 
polyethylene glycols, which are solid at ordinary temperatures, but liquidify and/or dissolve in the rectal 
•w cavity to release the drug. 

Dosage levels of the order of 0.02 to 5.0 or 10.0 grams-per-day are useful in the treatment or 
prevention of the above-indicated conditions, with oral doses two-to-five times higher. For example, infection 
by HIV is effectively treated by the administration of from 10 to 50 milligrams of the compound per kilogram 
of body weight from one to three times per day. It will be understood, however, that the specific dose level 
45 and frequency of dosage for any particular patient may be varied and will depend upon a variety of factors 
including the activity of the specific compound employed, the metabolic stability and length of action of that 
compound, the age, body weight, general health, sex, diet mode and time of administration, rate of 
excretion, drug combination, the severity of the particular condition, and the host undergoing therapy. 

The present invention is also cKrected to combinations of the HIV protease-inhibitory compounds with 
so one or more agents useful in the treatment of AIDS. 

For example, the compounds of this invention can be given in combination with the antivirals, 
immunomodulaters, antibiotics or vaccines or other derivative forms thereof as listed in the Table IV 
[source: Marketletter, Nov. 30. 1987, pp. 26-27; Genetic Engineering News . Jan. 1988, Vol. 8, 23]: 

55 
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Prut? Name 
AL-721 



a. Antivirals 

Manufacturer 
Ethigen 



Indication 

ARC, PGL 



BETASERON 
(interferon beta) 



Triton Biosciences AIDS, ARC, KS 



CARRI5YN Carrington Labs ARC 

(polymannoacetate) 

CTTOVENE Synt ex CMV 

(ganciclovir) 



DDC Hoffmann-La Roche AIDS, ARC 

(dideoxycytidine) 



^Abbreviations: AIDS (Acquired Immune Deficiency 
Syndrome); ARC (AIDS related complex); CMV 
(Cytomegalovirus, which causes an opportunistic 
infection resulting in blindness or death in AIDS 
patients); HIV (Human Immunodeficiency Virus, 
previously known as LAV, HTLV-III or ARV); KS (Kaposi's 
sarcoma); PC? (Fneumonocystis carinii pneumonia, an 
opportunistic infection); PGL (persistent generalized 
lymphadenopathy) • 
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Drug Famf 

FOSCARNET 

(trisodium , 
p ho s phono f o rma t e ) 



Manufacturer 
Astra AB 



Indication 
HIV inf, CMV 
retinitis 



HPA-23 



Rhone-Poulenc Sante HIV infection 



ORNIDYL 

(ef lornithine) 



Merrell Dow 



PCP 



PEPTIDE T 
(octapeptide 
sequence) 



Peninsula Labs 



AIDS 



RZTICULOSE 
(nucleophospho- 
protein) 



Advanced Viral 
Research 



AIDS, ARC 



RETROVIR 
advanced 
(zidovudine; 
AZT) 



Burroughs Wellcome AIDS, 



ARC 

pediatric 
AIDS, 

KS f asympt 
HIV. 

less severe 
HIV, 

neurological 
in- 
volvement- 
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Drug Name 
RIFABUTIN 
(ansamycin LM 427) 

» 

.(trimetrexate) 
UA001 

VIRAZOLE 
(ribavirin) 

WELLFERON 

(alfa interferon) 

ZOVIRAX 
(acyclovir) 



MfTmifaeturer 
Adria Labs 

Warner-Lambert 

Ueno Fine Chem 
Industry 

Viratek/ICN 
Burroughs Wellcome 
Burroughs Wellcome 



Indication 

ARC 



PCP 

AIDS, ARC 



AIDS. ARC. KS 

KS, HIV, in comb 
with RETROVIR 

AIDS, ARC, in 
comb with 
RETROVIR 



B. Tmiminomodulators 



Drag Name 

ABPP 

KS 

(bropirimine) 

AMPLIGEN 
(mismatched RNA) 



Upjohn 



DuPont 

HEM Research 



Tnriieation 
Advanced AIDS, 



ARC. PGL 



(Anti-human alpha Advanced Biptherapy AIDS, ARC, KS 
interferon Concepts 
antibody) 



45 



Colony Stimulating 
Factor (GM-CSF) 

CL246.738 
<CL246,738) 

IMREG-1 



IMREG-2 

IMOTHIOL 
{diethyl dithio 
carbamate) 

Drug Name 
IL-2 

(interleukin-2) 
IL-2 

( inter leuXin-2) 
INTRON-A 

(interferon alfa) 

ISOPRINOSINE 
(inosine pranobex) 

(methionine 
enkephalin) 
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Sandoz Genetics 
Institute 

American Cynamid 

Imreg 

Imreg 

Merieux Institute 



Manufacturer 
Cetus 

Hoffmann-La Roche 
Imstunex 

Schering-Plough 
Newport 

Pharmaceuticals 



TNI 

Pharmac en t i cals 



AIDS, ARC, HIV, 
KS 

AIDS 



AIDS, ARC, PGL, 
KS 

AIDS, ARC, PGL, 
KS 

AIDS, ARC 



Indication 
AIDS, KS 



AIDS, KS 



KS 

ARC, PGL, HIV 

seropositive 

patients 

AIDS. ARC 
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MTP-PE 

(rauramyl-tripep- 
tide) 

THYWOPENTIN (TP-5) 
(thymic compound) 

ROFERON 

(interferon alfa) 

(recombinant 
erythropoietin) 

TREXAN 
(naltrexone) 

TNT (tumor 
necrosis factor) 



p^ig Name 
PENTAM 300 
- (pentamidine 
isethionate) 



Ciba-Geigy 
Ortho 

Pharmaceuticals 
Hoffmann-La Roche 

Ortho 

Pharmaceuticals . 

DuPont 

Genentech 

C. Ant ihiotics 
LyphoMed 



KS 



HIV infection 



KS 

severe anemia 
assoc with AIDS 
L RETROVIR 
therapy 
AIDS. ARC 

ARC, in 
combination 
interferon gamma 



*[ V Ai cat ion 
PCP 



D. Vaccines 



Any one of a variety of AIDS or HIV vaccines presently under study and development can be used in 
combination with the compounds of this invention or salt or derivative forms thereof, in the treatment or 
prevention of AIDS and diseases of similar character caused by HIV. 

It will be understood that the scope of combinations of the compounds of this invention with AIDS 
antivirus, immunomodulators, antibiotics or vaccines is not limited to the list in the above Table, but 
includes in principle any combination with any pharmaceutical composition useful for the treatment of AIDS- 
SYNTHESIS 
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to 



'5 



The preparation and synthesis follows, in general, U.S. Patent 4,661,473; Evans, B.E. et al, J. Org. 
Chem. . 50. 4615. (1985) and Evans, B.E. et al.. "A Stereocontrolled Synthesis of Hydroxyethylene~Dipeptide 
Isosteres? Proc. Am. Pept. Symp.. 3, 743-6(198), and Luly, J.R. et ai, J. Org. Chem. 52. 1487 (1987), all 
herein incorporated by reference. 



EXAMPLE 1 



Preparation of N -{1 , 1 -Dimethylethoxycarbony l)-5(SKamino-4(S)-hydroxy-6-pheny K2(R)-(phenylrnethyl)- 
hexanoyl-Leucyl-phenylalanyl amide, Compound I 



Step A: Preparation of N-3(SH0 J-Dimethylethoxycaroonyl^ino^tRShhydroxy-^phenyhl-trimethylsilyl 
butane: 



20 



25 



30 



35 



To a stirred suspension of magnesium turnings (9.79 g. 403 mmol) in dry diethyl ether (200 mL) under 
nitrogen was added chloromethyltrimethylsilane (50 mL, 358 mmol). The reaction was initiated by gentle 
warming and then was cooled in an ice bath to maintain gentle reflux. After exotherm was complete the 
reaction was stirred at room temperature for 1 hour then cooled to -78* C in a dry ice/acetone bath. To the 
solution of the Grignard was added dropwise with stirring a solution of N-2(SH(1.l-<JifTiethylethoxycarbonyl)- 
amino]-3-phenyl propionaldehyde (19.3 g, 77.4 mmol) in dry diethyl ether (250 mL) dropwise such that the 
temperature of the reaction remained below -55* C. The resultant gray suspension was allowed to warm to 
room temperature where it was stirred for 30 minutes then was quenched by pouring into a mixture of ice 
(500 g) and 10% citric acid (500 mL). The organic phase was collected and the aqueous phase was 
extracted with diethyl ether (3 X 300 mL). The combined organics were washed with 10% citric acid (1 X 
300 mL) and brine (1 X 200 mL), dried over anhydrous magnesium sulfate, filtered, and concentrated to 
give crude N-3(SH0.1^'methylemoxy<^rbonyl)^ butane (26.6 

g. quantitative crude yield) as a yellow oil. An analytical sample was obtained by low pressure chromatog- 
raphy (silica gel, 230-400 mesh; diethyl ether, hexanes, 30%:70%) followed by recrystallization from 
heptane, mp = 91-95* C: 



40 



elemental analysis. Calcd. for CiaHnNOaSi (337.53): 



Found: 



c = 


64.05, 


H = 


9.26, 


N = 


c = 


64.05. 


H = 


9.13. 


N = 



415; 

4.22; [cr]o20 = -40.0* 



Step B: Preparation of 3(S)-Amino-4»phenyH-butene. 

To a stirred solution of the product of Step A (22,8 g, 67.5 mmoL) in dry methylene chloride (400 mL) 
cooled in an ice bath and under nitrogen was added in a fine stream boron trifluoride etherate (43 mL, 345 
mmol). The solution was allowed to warm to room temperature where it was stirred for 4 days. Reaction 
was cooled in an ice bath and quenched by the dropwise adoption of 10% sodium hydroxide (400 mL). The 
organic phase was collected and the aqueous phase was extracted with methylene chloride (2 X 250 mL). 
The combined organics were washed with brine (1 X 200 mL), dried over anhydrous magnesium sulfate, 
filtered, and concentrated to give crude 3($hamino-4-phenyM-butene (14.2 g) as a yellow oil. 



Step C: Preparation of r4-3(SH(1.1^imemylethoxy(^tft^ 

A solution of the product of Step B (14.2 g) and dt-tert-butyl dicarbonate (31.0 g, 142 mmoL) in dry 
methylene chloride (200 mL) was stirred at room temperature for 18 hours, washed with 10% citric acid (3 
X 100 mL), water (1 X 100 mL). safd. sodium bicarbonate (3 X 125 mL), and brine (1 X 250 mL). dried over 
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anhydrous magnesium sulfate, filtered and concentrated to yield crude N-3(SH[(1,l-dimethylethoxycar- 
bonyl)aminoH-phenylbutene (34.6 g) as a yellow oil. Crude product was purified by low pressure 
chromatography (silica gel. 230-400 mesh, 10 X 20 cm column; diethylether hexanes, 20%: 80%) to yield 
N-3(SH(1.1^inriethylemoxy^ (16.3 g, 97.6% yield) as a white solid. An 

analytical sample was obtained by recrystalllzation from heptane, mp = 67.5-68.5 C; 

I 



jo 



elemental analysis. Calcd. for Ci 5 H 2 iN0 2 (247.34): 



Found: 



c = 


72.84, 


H = 


8.56, 


N = 


c = 


72.78, 


H = 


8.76, 


N = 



5.66. 
5.64. 



Step D: Preparation of 1(RHl'(SH1>OiMethyiethoxy^ 

To a solution of the product of Step C (9.4 g, 38 mmol) in dry methylene chloride (100 ml) cooled in an 
ice bath and under nitrogen was added 3-ch loroperoxy benzoic acid (technical grade. 80-85%; 41 g, 200 
mmol). The mixture was stirred at 0*C for 18 hours and 25* C for 23 hours, then diluted with diethyl ether 
(300 mL), and poured in ice cold aqeous 10% sodium sulfite (1 L). The organic layer was collected and the 
aqueous layer was extracted with diethyl ether (3 X 100 mL). The combined organics were washed with 
10% sodium sulfite (3 X 100 mL). satd. sodium bicarbonate (3 X 100 mL), and brine (1 X 100 mL), dried 
over anhydrous sodium sulfate, filtered and concentrated to give a white solid. Crude product was purified 
by low pressure chromatography (silica gel 230 - 400 mesh, 8 X 15 cm column; ethyl acetate: hexanes, 
25%:75%) to yield 1(RH1 (SM1.1^memyietho>cycar^ (7.0 g f 70% yield) 

as a dear oil which crystallized upon standing. An analytical sample was obtained by recrystallization from 
heptane, mp = 51.5-52* C; 



elemental analysis. Calcd. for C1SH21NO2 (263.34): 



c = 


68.42, 


H = 


8.04, 


N = 


c = 


68.22, 


H = 


8.26, 


N = 



5.3Z 

5.29; [ah* 0 = 134* 



Step E: Preparation of(5S,1 'S)-3-carboethoxy5-(H(1 ',1 # -dimethylethoxycarbonyQamino)-2-phenylethyl)- 
dihydrofuran-2-(3H)-one. 

The product from Step D, 9.93 g t was dissolved in 100 mL of absolute ethanol and added to a solution 
40 of 2£ g of sodium and 20.1 mL of diethyl maionate in 170 mL of absolute ethanol. After stirring ovemite, 
the reaction was acidified to pH 4 with 10% citric acid and extracted with 2 X 500 mL of ether. Trie 
combined organic extracts were washed 1 X 500 mL H 2 0. 1 X 500 mL safd NaHCOa. 1 x 500 mL safd 
brine and dried over MgSO*. The solvents were removed and the crude product purified by low pressure 
chromatography on silica gel eluting with 50% ether/hexanes (or EtOAc/hexanes). The yield of semi-solid 
45 product was 1 0.6 g. The later fractions contained 2.5 g of the undesired 5 R isomer as a white soOd. 

Step R Preparation of (5S.1 'S-)3sarbOBthO)(y*3i^enylmethy t-5-{1 -((1 ,1 -dimethy lethoxycarbonyi)-amino)-2- 
pr^nylemyl)dirrydrofuran*2-(3HH)ne. 

50 

The product of Step E, 10.6 g, was dissolved in 100 mL of abs. ethanol containing 3.7 mL of benzyl 
bromide and added to a solution of 0.71 g of sodium in 100 mL of absolute ethanol. The solution was 
heated to 50* C for 1.5 hours, then cooled in an ice bath and acidified with 500 ml of 10% citric acid. The 
mixture was extracted 3 X 500 mL of ether and the combined ether extracts washed with 400 mL of H^O, 
55 400 mL of brine, dried (MgSOt) and the solvent removed under reduced pressure to give 13.6 g of a clear 
colorless oil which was essentially homogeneous by TLC (25% ethyl acetate/hexanes). 
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Step G: Preparation of (3R.5S,l'S)-3-benzyl-5-<H(1 ,1<fimethytemoxycarbonyQamino)-2-phenylethyl)- 
dihydrofuran-2-(3H)-one. 

The product of Step F, 13.6 g, was dissolved in 250 mL of 1,2-dimethoxyethane. and to it was added 
5 117 mL of 1 M lithium hydroxide at room temperature. After stirring for 12 hours* the solvents were 
removed under reduced pressure, the residue suspended in 200 mL of 10% citric acid and extracted 3 X 
500 mL of diethyl ether. The combined ether extracts were washed with 500 mL of brine, dried (MgSO*) 
and the concentrated to dryness. The residue was dissolved in 250 mL of toluene, heated to reflux for 12 
hours, then concentrated to dryness under reduced pressure. Purification by medium pressure chromatog- 
fo raphy over silica gel eluting with 15% ethyl acetate/hexanes gave 3.2 g of the 3R-lactone as a clear foam. 
Further elution with the same solvents gave 6.15 g of the 3S-lactone as a white solid. 

Step H: Preparation of N'-(1 ,1 -dtmethylethoxycarbonyl)'5(S>-amino-4(SH1 '.1 -dimethylethyl-1 ,1 -dimethyl* 
is silyloxy)-6-phenyl"2(RHphenylmethyi>-hexanoic acid. 

(3R. 5S, 1 'S)-3-Benzyl-5-(1 -{(1 ,lKjimethylethoxycarbonyl)ajnir^^ 
0.5 g. was dissolved in 30 mL of a 2:1 mixture of ethylene glycol dimethyl ether/water, and to it was added 
5 mL of 1 M lithium hydroxide at room temperature. After stirring for 1 hour, the solvent was removed in 

20 vacuo and the residue partitioned between 20 mL chloroform and 20 mL 10% citric acid. The layers were 
separated and the aqueous phase extracted with 3 X 20 mL chloroform. The combined organic layers were 
dried (Na^SCM and the solvent removed to yield 0.46 g of the crude hydroxy acid. This residue was 
dissolved in 5 mL of dry OMF and 0.845 g tert-butyl dimethylsliyl chloride and 0.725 g of imidazole were 
added. After stirring for 18 hours, the reaction was poured into 50 mL of water and extracted with 3 X 20 

25 mL of ethyl acetate. The combined organic extracts were washed with 3 x 20 mL of 10% citric acid, 1 x 20 
mL of water, 3 X 10 mL of saturated aqueous solution of NaaCOa, and 20 mL of brine. After drying 
(NazSO*), the solvent was removed and the resulting residue dissolved in a mixture of 5 mL of THF, 5 mL 
of glacial acetic acid, and 2 mL of water. The mixture was stirred for 4 hours, then poured into 50 mL of 
water and extracted with 3 X 20 mL of ether. The combined ether extracts were washed with 2 X 20 mL of 

30 water, brine, dried (NasSO*), and the solvent removed. Purification by medium pressure chromatography 
over silica gel, eluting with MeOH/CHC1 3 gave 0.53 g of the product as a white solid, 

Step 1: Preparation of N'^1,1<fimefoylethoxy<^onyl)-5(S^ 
35 silyloxy)-6i3henyt-2(RHpheny amide. 

The product from Step H, 0.183 g, was dissolved in 10 mL of dry DMF, and to ft was added 0.124 g of 
leucinyh-phenyialarryl amide hydrochloride hemihydrate, 0.051 g of 1-hydroxybenzotriazole hydrate and 
0.069 g of dimethyt*3K3-dimethylaminopropyl) carbodiimide hydrochloride. Triethylamine was added to the 
40 stirring solution until the pH was BJS. After stirring for 2 hours, the reaction was poured into 80 mL of water 
and extracted with 5 X 10 mL of ethyl acetate. The combined organic extracts were washed with 3 X 20 mL 
of 10% citric acid, 1 X 20 mL of water, 3 X 20 mL of a saturated aqueous solution of Na 2 C0 3 , 30 mL of 
brine, dried (NajSO*). and the solvent removed to give 0.2 g of the product after purification by preparative 
thin layer chromatograpy (5% methanol/chioroform). 



Step J: Preparation of N # ^1.1^imeftytethoxycarbony 
(phenylmethyQhexanoyl-teucyf-pherrylalanyl amide. 

so The product from Step I, QJ2. g, was placed in a flask and to it was added 2 mL of a 1M solution of 
tetrabutytammonium fluoride in THF. After stirring for 2 hours, the solvent was removed in vacuo, and the 
residue was taken up In 50 mL of 10% methanol/chioroform and passed through a pad of silica gel. The 
solvent was removed in vacuo , and the remaining solid triturated with ethyl acetate. The solid was filtered 
through a silica pad and washed with ethyl acetate. The silica gel pad was then washed with chloroform 

ss (200 mL). The chloroform solution of the product was evaporated to yield 0.074 g of pure product The ethyl 
acetate solution was concentrated, and the residue was chromatographed over silica gel, eluting with 
methanol/chioroform to give an additional 0.054 g of product The combined yield of the product was 0.128 
g:mp 218-210* C. 
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EXAMPLE 2 



5 Preparation of N-benzyl-N'-Q ,1 Kiimethytethoxycsirtonyl^ 
(phenytmethyl)hexTnoyl-Leucyl-amide. Compound H 

Step A: Preparation of N-benzyl N *<1 , 1 -dimethy lethoxycarbony l)-5(S)-amino-4<S)-(1 ' . 1 '-dimethy lethy 1-1 . 1 - 
10 olmethylsHytoxy)^^ amide. 

n'-<1 J -Dimethytethoxycarbonyl)-5(S)-arnino-4{SH1 ' .1 '-dimethylethyl-1 , 1 -dimethylsilyloxy)-6-phenyl-2- 
(RHpnenylmethyOnexanoic acid from step A in Example 1. 0.183 g, is dissolved in 10 mL of dry DMF. and 
to it is added 0.058 g of N-benzyl leucine amide hydrochloride. 0.051 g of 1 -hydroxy benztriazole hydrate 

is and 0.069 of l-ethyl-3-(3-dimethylammopropyl) carbodiimide hydrochloride. Triethylamine is added to the 
stirring solution until the pH is 8.5. After stirring for 2 hours, the reaction is poured into 80 mL of water and 
extracted with 5 X 10 mL of ethyl acetate. The combined organic extracts are washed with 3 X 20 mL of 
10% citric acid, 1 X 20 mL of water, 3 X 20 mL of a saturated aqueous solution of Na 2 C03, 30 mL of brine, 
dried (NaaSO*). and the solvent removed to give the product after purification by preparative thin layer 

20 chromatography (5% methanoi/chloroform). 

Step B: Preparation of N-Benzyl N*-(1 , 1 -Dimemy lemoxy c^il3onyl>-5(S)-amino^(S)-hydroxy^phenyl-2(R)- 
(phenylmethyl)hexanoyl-Leucyl amide. 

25 

The product from Step A, Example 2, 0.1 g, is placed in a flask and to it is added 2 mL of a 1 M 
solution of tetrabutyiammonium fluoride in THF. After stirring for 2 hours, the solvent is removed in vacuo , 
and the residue is taken up in 50 mL of 10% methanoi/chloroform and passed through a pad of silica gel. 
The solvent is removed in 'vacuo, and the remaining solid triturated with ethyl acetate. The solid is filtered 
30 through a silica pad and hashed" with ethyl acetate. The silica gel pad is then washed with chloroform (200 
mL). The chloroform solution is evaporated to yield producL 



EXAMPLE 3 

35 

Preparation of n'-(1 ,1 KiimethyletrKJxycarooiTyl^ 
methyi)hexarK3yHeucyi-phenytaianyi amide 

40 

To a stirred solution of N^l.t-cfimemytethoxycarbonyl^ 
zyloxyrjfienylme%l)hexaiTO amide, 25 mg. in 10 mL of tetrahydrofuran was added a 

suspension of 10% palladium on carbon, 25 mg, in 10 mL of absolute methanol. The mixture was stirred 
under an atmosphere of hydrogen for 4 hours at room temperature, then filtered and concentrated to 
45 dryness. The residue was dissolved in 1 mL of tetrahydrofuran and 1 mL of water was added. A white solid 
precipitated which was collected and dried under vacuum over P 2 Os. The yield was 20 mg of pure product 
mp 222-223* C (C,H,N). 



EXAMPLE 4 



Preparation of N-berizy14*H1,1-dim^ 

55 hexanamide. Compound III 



The lithium salt of benzyl amine was prepared by adding 0.5 mL of a 2.5 M solution of n-butyl lithium to 
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0.134 g of benzyl amine in 10 mL of dry THF at -78* C. To this was added 0.1 g of (3a 5S, l'S)-3-benzyl- 
5^H(1,1-dimethylethoxycarbonyl)amirK3)-2^ (Step G of Example 1) in 5 

mL of THF. After stirring for 15 minutes, the reaction was quenched by the addition of 15 mL of 10% citric 
acid, and the mixture was allowed to warm to room temperature. The volume was tripled by the addition of 
5 ethyl acetate. The organic layer was Separated, and the aqueous phase was washed with ethyl acetate. The 
combined organic solutions were washed with 3 x 10 mL 10% cftric acid, 1 x 20 mL of saturated IS^COa 
solution, brine, and dried (Na 2 SCU). The solvent was removed in vacuo to yield a white solid. The solid was 
recrystallized from hexane/ethyl acetate to yield 0.065 g of the product as a crystalline solid; mp 191- 
192* C. 

70 

EXAMPLES 



75 

Preparation of N -(1 ,1 -dimethylethoxy<^ri3onylH(Sharro^ 
phenylalanylamide. ' 

N-(1 .lKJimemyemo)(ycarbonyl)-4(S)-amino-3 (S)-hydroxy-5-cyctohexyipentanoic acid (Boc-ACHPA), 
20 (0.575 g, 1.82 mmol) was dissolved in 5.5 mL of dry OMF, under argon. To this well stirred mixture was 
added L-leucy (-phenylalanine amide hydrochloride semihydrate (0.74 g, 2.18 mmol), hydroxy benztriazole 
hydrate (0258 g, 1.91 mmol), ethyl 3-(dimemylamirro)^ropylcai1xxliimide hydrochloride (0.374 g, 1.91 
mmol), and triethylamine (0.57 mL, 4.10 mmol). This mixture was stirred at room temperature for 1 hour. 
The reaction mixture was diluted with ethyl acetate (30 mL). This mixture was washed with water (3X15 
25 mL), 10% aqueous citric acid (15 mL). and brine {15 mL). Drying (NsteSO*), filtration, and removal of the 
solvent in vacuo gave the crude coupling product This material was chromatographed on silica gel using 
6% methanol in chloroform as eluant There was obtained 0.582 g of the title compound as a white 
crystalline solid, mp: 171-175* C. 

30 

EXAMPLE 6 



35 Preparation of N -{3-((1(R)-Benzyloxyca^ 

propanoylHeucyHJhenylalanylamide, and N ^3-{(1(R)^enzylo)cycarborryt^ 
(S)-phenyimethylproparK)ylHeucy1i^nylalanytamide. 



40 Step A: Preparation of MemyH(RHx3nzytoxycarrjony^ 

A 10% solution of trimetrrylsilyldiazomethane in perttane was added dropwise to a solution of 0.790 g of 
1(R)-benzyloxycarbonylarriino-2-phenylethy1 phosphonous acid in a mixture of benzene (35 mL)/methanol (5 
mL) until a pale yellow color persisted in the stirred reaction solution. After one hour at 0* the solution was 
45 concentrated and the residue chromatographed over silica gel, eluting with methylene 
chtoride/acetone/methanol (18:1:1), to afford 0.400 g of pure methyl ester. 



Step B: Preparation of MemyH(RH>erizytoxycarborrylami^ 
so 1 -propyl)phosphinate. — 

The product of Step A. 0.397 g, was dissolved in 5 mL of absolute methanol and, at 0* was treated 
with 0.67 mL of a 2.0 M solution of. sodium methoxide in methanol under a nitrogen atmosphere. After 10 
minutes, methyl 2-benzyl aery late (0-240 g) was added in one portion, the cooling bath removed, and the 
55 mixture was stirred at ambient termperature of 18 hours. The mixture was concentrated to an oil which was 
partitioned between 15 mL of 1 N hydrochloric acid and 10 mL ethyl of ethyl acetate. The layers were 
separated and the aqueous phase was extracted with 2 X 10 mL acetate. The combined organic layers 
were washed (brine) and dried (NazSOO and the solvent removed to give an oil which was chromatog* 
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raphed on silica gel (flash). Elution with ethyl acetate afforded 0.264 g of the product. 

Step C: Preparation of MethyH (R)^zyloxycartxxiyl^ 
pyl)phosphinate. 

9 

A solution of the product of Step B. 0.264 g ( in 1.5 mL of 1 ,2-dimethoxyethane was treated with 0.56 
mL of a 1.0 N aqueous lithium hydroxide solution. After stirring under nitrogen for 4 hours at room 
temperature, the solvent was removed and 30 mL ice water was added to the residue. The resulting mixture 
was extracted with 2 X 10 mL ether/ethyl acetate mixtures, following which the aqueous phase was acidified 
to pH 4-5 using severaJ drops of 50% acetic acid. The acidic mixture was extracted with 3 X 15 mL ethyl 
acetate and then the combined acidic organic layers were washed with water, brine, and dried (NazSCU). 
Removal of the solvent in vacuo left the product as an oil: 0.153 g. 



Step D: Preparation of NK3HMethoxy-1(R)^nzyloxyrabon^^ 
phenylmethyt propanoyl}-leucylphenyhalanylamide. 

The product from Step C, 0.153 g t was dissotvSd in 4 mL of dry acetonitrile and stirred under nitrogen 
in an ice bath. To the solution were added 0.119 g of 1-teucyl L-phenylaianylamide hydrochloride 
hemihydrate. 0.155 g of benzotriazoM-yioxytris (dimethylamino)phosphonium hexafluorophosphate, and 
triethyiamine to pH 8.5. After stirring at 0* for 2 hours the mixture was warmed to room termperature and 
stirred 3 hours further. 10 mL of dilute aqueous sodium chloride was added and the mixture was extracted 
with 4 X 10 mL of ethyl acetate. The combined organic extracts were washed with water, 2 N hydrochloric 
acid, water, saturated aqueous sodium bicarbonate, brine, and dried (MgSO*). Removal of the solvent left 
0.164 g of a sticky solid which was a mixture of 4 major components as evidenced by thin layer 
chromatograpy (chloroform/methanoi/ammonium hydroxide. 90:10:1). The mixture was flash chromatog- 
raphed. eluting with the same solvent mixture used for TLC. Early fractions containing an intimate mixture of 
3 components were combined and concentrated to give 66 mg of a diastereomeric mixture of the producL 
Continued elution provided an additional 52 mg of product mixture which was predominantly a single TLC 
spot 

Step E: Preparation of rH3^(1(R)-ger^loxycarb^ (S)-phenyl-methyl 
propanoylHeucyiphefTalanylamide. Compound A. and NH3H(1(R>*Benzyloxycarbonylamino-2-phenylethyl)- 
phosphirryl}-2(S)-phenytmethyl prcyanoylHeucyHJnenlalanylamide. Compound B. 

A solution containing 0.066 g of the dlastrereomeric mixture of Step D and 0.014 g of anhydrous lithium 
iodide in 2 mL dry tetrahydrofuran was stirred at room temperature for 7 days, during which time an 
additional 0.030 g of lithium iodide was added. At the end of 1 week the solvent was removed and the 
residue suspended in 5 mL of saturated sodium bicarbonate. The mixture was extracted with 4 x 5 mL ethyl 
acetate and the combined organic layers were concentrated. Separation of the two diastereomers was 
accomplished by preparative high pressure liquid chromatograpy using a Waters Delta Pak C-18 column, 
ehiting with a gradient of acetonitrile, 0-95% in water (0.1% trifluoroacetic add) over one hour. The fractions 
of retention time 4.22 minutes and that of 7.00 minutes were lyophilized separately to afford 0.013 g of 
Compound A and 0.012 g of Compound B, respectively. 



EXAMPLE 7 



Preparation of N f KBenzyloxycarbonyl)-5(S)-amm 
leucyhphenylalanyl amide. 

Step A: Preparation of 5(Shaminch4(SHt^utyldimethylsilyto^ methylhhexanoyl* 
LeucyPPhenyalanylAmtde. 
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To a cold (0* C) solution of 350 mgs. (0.468 mmol) of N -(1 J^imethyiethoxy<^rtx)nyi>-5(S)-aminc)-4(S)- 
(t-butyl-dimethylsiiyioxy)-6-phenyl-2(R) (phenylmethyl)-hexanoyl-leucyl-Pheny1alanyl Amide in 10 mLs of 
methylene chloride was added 5 mLs of trifluoroacetic acid- After 1 hour., the reaction was poured into a 
separatory funnel containing sat'd. NaHCOa solution and washed with methylene chloride (2 X 30 mLs). The 
5 organ ics were dried, filtered and concentrated to give an oily residue which was flashed chromatographed 
(SiOc. 5% MeOH/NHa sat'd. chloroform) to give 240 mgs. of product along with 75 mgs of 5(S>-amino-4(S)- 
hydroxy-O-phenyl-atRVfphenyimethyO-hexanoyl-Leucyl-F^enylaJanyl Amide. 



;o Step B: Preparation of 5(SHBenzyloxycarbonyl)*amino*4<S)-hydroxy'6-phenyh2(RHphenylmethyi)- 
hexanoyl-Leucyl-Phenyafanyl Amide. — — 



To a solution of 25 mgs. (0.038 mmol) of 5(S)-amino-4(SHt-Butyl-dimethylsilyloxy)-6-phenyl-2(R)- 
(phenylmethyl)-hexanoyi-Leucyl-Phenyialanyl Amide in 10 mLs of methylene chloride which contained 10 ul 
(0.072 mmol of triethylamine was added 10 ul (0.070 mmol) of benzyl chloroformate. After 3 hours the 
reaction was complete and was poured into a separatory funnel and washed with 2 X 10 mLs of 10% citric 
acid solution, 10 mLs of said NaHC03 soltuion, and the organics were dried filtered and concentrated to 
dryness. The residue was diluted with 2 mLs of THF and 1 mL of a 1 M solution of tetrabutylammonium 
fluoride (TBAF) was added. After 1 hour an additional 0.5 mL of TBAF was added. After 2 hours the reaction 
was concentrated and passed through a pad of S1O2 which was eluted with 5% MeOH/CHCIa to give the 
crude product This was further purified using reverse phase HPLC on a Waters C-18 column to give 12 
mgs. of the desired product mp = 207-210* C. 



25 EXAMPLE 8 



Assay for Inhibition of Synthetic Viral Protease 

30 

inhibition studies of the reaction of the synthetic protease [amino acid residues 69-167 of the pol open 
reading frame in Ratner, L et aL Nature, 313, 277 (1985) and synthesized by Merrifield sofioSphase 
synthesis] with a peptide substrate (Val-Ser-Gln-Asn-Tyr-Pro-lle-Val f 2 mg/mL when the reaction is initiated) 
were in 50 mM Na acetate, pH 5.5, at 30* C for 1 hour. Various concentrations of inhibitor tn 1.0 ul OMSO 

35 were added to 36 ul of assay solution and the reaction initiated by the addition of 4 ul (1 £ ug) of synthetic 
protease. The reaction was quenched with 160 ul of 12% acetic acid. Products of the reaction were 
separated by HPLC (VYDAC wide pore 5 cm C-18 reverse phase, acetonitrile gradient 0.1% trifluoroacetic 
acid). The extent of inhibition of the reaction was determined from the peak heights of the products. HPLC 
of the products, independently synthesized, provided quantitation standards and confirmation of the product 

-jo composition. Compounds I, III, and IV showed an ICso of about 2 nM, about 50 nM and about 27 nM, 
respectively. 



EXAMPLE 9 

45 ~ 



Assay for Inhibition of Microbial Expressed Viral Protease 



Inhibition studies of the reaction of the protease expressed in Eschericia colt with a peptide substrate 
[Val-Ser^ln-AsTi^tanapthyl)AIa-Pro-lle-Val f 0.5 mg/mL at the time the reaction is initiated] were in 50 mM 
Na acetate, pH 5.5, at 30* for 1 hour. Various concentrations of inhibitor in 1.0 ul DMSO were added to 25 
ui of the peptide solution in water. The reaction is initiated by the addition of 15 ul of 0.33 nM protease 
(0.11 ng) in a solution of 0.133 M Na acetate pH 5.5 and 0.267% bovine serum albumin. The reaction was 
quenched with 160 ui of 5% phosphoric acid. Products of the reaction were separated by HPLC (VYDAC 
wide pore 5 cm C-18 reverse phase, acetonitrile gradient 0.1% phosphoric acid). The extent of inhibition of 
the reaction was determined from the peak heights of the products. HPLC of the products, independently 
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synthesized, proved quantitation standards and confirmation of the product composition. Compounds I, II 
and III showed IC 50 values of about 0.6 nM t about 1.4 nM and about 120 nM. respectively. 



EXAMPLE 10 

9 



Preparation of N-((1 R.2S.3SH ^-Dihydroxy-S-indanythN'-Q J-dimethylethoxycarbonyl)-5(S>*amino-4<S)* 
io hydroxy -6^henyl-2(RHP nen y )rnetn y i ) nexanafn ' de 



Step A: (1RS,2RS.3RS)3-Amino-1-bromo-2-hydroxyindan cyclic carbamate 

ts A mixture of 2.5 g (14.3 mmol) of the known 1-amino-2-hydroxyindan cyclic carbamate, 2.9 g (16.3 
mmol) of N-bromosuccinimide, and 100 mL of CCU was heated at reflux for 3 hours. After cooling, the 
mixture was diluted with 100 mL of CHCI3 and washed with 10% Na2S03. The aqueous layer was extracted 
with CHCb. and the combined organic layers were washed with 10% NaaSOa. dried over Na 2 SCU, and the 
solvents removed at reduced pressure to give an oir which was chromatographed on 250 g of fine Si02 

20 using 1:1 EtOAc-hexanes to afford 950 mg (26%) of the Step A product as a colorless solid. 



Step B: (1RS2SR,3SR)1-Acetoxy-3-amino-2'hydroxyindan cyclic carbamate 

25 A solution of 950 mg (3.7 mmol) of l-Bromo-2-hydroxy-3-aminoindan cyclic carbamate (Step A product) 
and 1.9 g (6-3 mmol) of tetra-n-butylammonium acetate in 50 mL of DMF was heated at 80* C under N2 for 
6 hours. The solvents were removed at reduced pressure and the residue was partitioned between CHCb 
and water. The aqueous layer was extracted twice with CHCb and the combined organic layers were 
washed with water, dried over Na2S0t and the solvents removed to give an oil which was chromatographed 

30 on 125 g fine S1O2 using EtOAc-hexanes to afford 372 mg (43%) of Step B product as a colorless solid: mp 
131-133* C, 



* AnaliCaic'dfonCiaHnNO* 





c, 


61.80; 


H. 


4.75; 


N. 


6.01. 




c ( 


62.12; 


H, 


4.73; 


N. 


5.96. 



Step C: (1RS,2SR.3SR)3-Amino-1.2-dihydroxyindan 

To a stirred solution of 180 mg (0.77 mmol) of 1-acetoxy-2-hydroxy-3-aminoindan cyclic carbamate 
(Step B product) in 12 mL of EtOH was added a solution of 705 mg (17.6 mmol) of NaOH in 5 mL of H 2 0. 
This mixture was heated at reflux for 3 hours, the solvents removed at reduced pressure, and the residue 
partitioned between brine and CHCb, and the combined organic layers were dried over NajSO*. The 
solvents were removed to give 60 mg (47%) of Step C product as a solid. 



Step D: (IR^S.SSH^'^-dihydroxy^ndanylVL'phenylaianine amide 

To a stirred solution of 422 mg (2.55 mmol) of 1 ,2-<iihydroxy-3-aminoindan (Step C product), 746 mg 
(2.81 mmol) of BooL-Phenytaianine, 539 mg (2.81 mmol) of EDC. and 380 mg (2.81 mmol) of 1- 
hydroxybenzotriazole hydrate in 10 mL of DMF under N 2 was added 783 uL (5.62 mmol) of EfcN. After 
stirring overnight at room temperature, the solvents were removed at reduced pressure, and the residue 
was partitioned between CHCb and 1 .0 M citric acid. The aqueous layer was extracted with CHCI3 and the 
combined organic layers were washed with two portions of NaeCOa and dried over NajSO*. The solvents 
were removed at reduced pressure and the residue was dissolved in 14 mL of CHaCfe and treated with 7 
mL of TFA under N 2 for 0.5 hours. The solvents were removed at reduced pressure, and the residue was 
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partitioned between 2% HCI and ether. The aqueous layer was basified with 40% NaOH, extracted with 
three portions of CHCi 3f dried over Na 2 SO* and chromatographed on 23 g fine Si0 2 using 223 rng (56%) of 
Step D product as a colorless solid. 

f 

5 

Step E: (1R,2S.3S)-3-Amino-1.2-dihydroxyindan 

To a solution of 215 mg (0.69 mmol) of N-(1 ,2-dihydroxy-3-indanyl) L-phenylalanine amide (Step D 
product) in 10 mL of EtOH was added a solution of 84 mg (2,1 mmol)of NaOH in 4 mL of H 2 0. The mixture 
70 was heated at reflux for 6 hours, the solvents removed at reduced pressure, and the residue triturated with 
8 mL of CHCI 3 . The triturate was applied to a column of 4 g of fine S1O2 using 88:12:1.2 CHCI3-CH3OH- 
NHaOH at the eluent to give 104 mg (91%) of Step E product as a colorless solid. 



is 



20 



25 



30 



Step F: N-((1R,2S.3SH ,2-Dihydroxy-3^ndanylh5(S^ 
phenyi*2(RHpnenylmethyl)-hexanamide 

To a stirred solution of 58 mg (0.11 mmol) of 5-(1 jHjimethyleth<)xycarbonylamino)-4-t-butyl- 
dimethylsilyloxy-2^phenylmethyl)-6-phenyl hexanoic acid of Example 1, 21 mg (0.13 mmol) of (-)1,2- 
dihydroxy-3-aminoindan from Step E, 24 mg (0.13 mmol) of EDC, and 17 mg (0.13 mmol) of HOBT in 2 mL 
of DMF under N 2 was added 36 mL (0-25 mmol) of EtsN. After stirring for 17 hours at room temperature, 
the solution was poured into cold 1.0 M citric acid and extracted with two portions of EtOAc. The two 
portions of 10% Na 2 C03. brine, dried over Na 2 SO* and the solvents removed to give a residue which was 
dissolved in 2.0 mL of a 1.0 M solution of tetra-n-butylamrnonium fluoride in THF. After stirring for 18 hours 
at room temperature, the solvents were removed at reduced pressure, and the residue was partitioned 
between CHCI3 and H 2 0. The aqueous layer was extracted with 1:9 CH3OH-CHCI3 and the combined 
organic layers were washed with H 2 O t dried over Na 2 SOi, and the solvents removed to give a solid which 
was triturated with 1:4 EbO-hexanes to afford 32 mg (52%) of the title compound, as a colorless solid: mp 
190-192" C (dec) 



35 



Anal. Calc'd for C33H40N2OG 



Found: 



c. 


70.69; 


H. 


7.19; 


N. 


c. 


70.50; 


H. 


7.18; 


N, 



5.00 
4.76 



40 



EXAMPLE 11 



Preparation of N-(2(R)-hydroxy-1(SHndanyl)-N S-(1 J^imetrryietrwxytxutx^ 
phenyl-2(RH44iydroxyphenylrnethyl) hexanamide 
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Step A: Preparation of (SS,l'S)-3<artx)etho>cy^44>enzy^^ 
rx>nyl)am(noh2i3henylethyl]cUhydrcrfurarh2-(3H}<)ne 

To a stirred solution of (5S,l'Sh3-carboethoxy-HW(l'.1^ 
pherrylethy!H^y<Jrofuraiv-2-(3H>-one (product of Example 1, Step E),2g (5.3 mmol) in 25 mL of absolute 
ethanol was added a solution of 0.13 g of sodium in 2J3L mL of absolute ethanol followed by 1.30 g (5.5 
mmol) of 4-benzyloxybenzyl chloride. The solution was heated to 50 *C under nitrogen for 1 hour, then 
cooled in an ice bath and acidified with 20 mL of 10% citric add and tiluted with 200 mL of water. The 
mixture was extracted with 3 X 100 mL of ether and the combined ether extracts washed with 50 mL of 
water, 200 mL of safd NaHCOa and dried over MgSO*. Removal of solvents under reduced pressure and 
purification by low pressure chromatograpy on silica gel, eluting with 40% ether in hexanes gave 1.56 g 
(51% yield) of a dear colorless gloss essentially homogeneous by TLC (50% ether/hexanes). 
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Step 8 thru Step C: Preparation of N '^.iKtimethyiethoxy^rbony^ 
TTdimethylsiiyiol^ *** 

Employing the procedure substantially as described in Example 1, Steps G and H, but substituting for 
the (5S.1 S)-3<arboethoxy-3-phenyl-methyl-5.(H1 ,1 -dimethylethoxycarbonyl)amino)-2-phenylethylh 

dihydrofuran-2-(3H)-one the product of Step A, 1.56 g, there was produced in sequence the following: 



(Step B) 

(3R,5S/S)-3^44)en^loxyphenylme 
dihydrofuran-2-<3H)-one 1 0.52 g (38% yield) of 3R-lactone as a colorless foam. Further eiution gave 0.61 g 
of a mixture of 3S and 3R lactones. 



(Step C) 

N-<1 .1 -dimethylethoxycarbonyl)-5<S)-amino-4<S)-(l' t 1 '-dimethylethyM f 1-dimethylsiiyloxy)-6-phenyl-2- 
(RH4-benzyloxyphenylmethyl) hexanoic acid, 0.60 g (94% yield) as a colorless foam essentially homo- 
geneous by TLC (3% methanol/chloroforrn). 



Step D: Preparation of N-(2(R)-hydroxy- 1 (S)-indany l)-5(SH1 ,1 -dimethylethoxycarbony laminoHKS^hydroxy- 
6^7enyl-2(RH4-benzyloxyphenylmethyl) hexanamide 

The product from Step C. 0.12 g. was dissolved in 2 ml dry OMF and to it was added 40 mg of t($)r 
amino-2(R>-hydroxyindane. 25 mg of 1-hydroxybenzotriazole hydrate and 70 mg of dimethyl-3-(3-dimethyl 
aminopropyl)carbodiimide hydrochloride. Triethylamine was added to the stirred solution until the pH was 
as (32 mL). After stirring for concentrated to dryness under reduced pressure, the residue was dissolved in 
100 mL of chloroform and worked with 1 X 50 mL of 10% citric acid, 1 X 50 mL H 2 0, 1 X 50 mL sat'd 
NaHCOa, dried over MgSO* and concentrated to dryness. The residue was dissolved in 1 mL of 
tetrahydrofuran and added to 2 mL of 1 M tetrabutytammonium fluoride in THF. After stirring overnight at 
room temperature the reaction mixture was diluted with 10 mL of 10% citric acid and the white precipitate 
collected by filtration. The product was purified by low pressure chromatograpy on silica gel eluting with 2% 
methanoVCHzCfe to give 85 mg of product which was essentially homogeneous by TLC (3% 
methanol/ChfeCfe). 



Step E: Preparation of N-(2(R)-hydroxy-1 (SHndanyl)-5(SH1 ,lKJimethytetrxixycarbonylamino)-4<SHiydroxy- 
6^enyl-2(RH4^ydroxyph^ 

The product of Step O f 85 mg was dissolved in 10 mL of methanol and 10 mL of THF, and to it was 
added 0.10 g of 10% palladium on carbon. The mixture was stirred under an atmosphere of hydrogen for 
48 hours at room temperature, then filtered and concentrated to dryness. The residue was dissolved in 10 
mL of hot ethanol and 20 mL water was added. On cooling the white solid precipitate was collected and 
dried under vacuum over P 2 Os- The yield was 72 mg (98% yield) of pure product mp 218-219 C 
(effervesces, sinters at 215) 



elemental analysis, Calc'd for CsarUo^Oc: 
(560.696): 





C. 


70.69; 


H. 


7.19; 


N, 


5.00; 


Found: 


C, 


70.62; 


H f 


7.39; 


N t 


4.79. 



Step F: Resolution of 1 -Amino-2-hydroxyindan 
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From the known racemic 1 -amino-2-hydroxyindan, the resolution was carried out as described for the 3- 
amino-l.2-dihydroxyindan above. The (1S.2R>-1-amino-2-hydroxyindan resulting from saponification of the 
higher R, diastereomer was shown to have an a© of -58* (c = 1.0, CHCU). The (1R,2S)-1-amino-2- 
hydroxyindan resulting from saponification of the lower R# diastereomer was found to have an a© of + 62 " 
s (c » 1.0, CHCb). # 



EXAMPLE 12 

10 

Preparation of N-(2(R)-hydroxy-1(SHndanyl)-5(SH0*1<flme^ 
hydroxyphenyl)-2(Rhphenytmethylhexanamide 

75 

Step A: Preparation of N-methoxy-N-methyl-N'-2(SH(1.*"Cfi™eth^ 
yphenyQpropionamide ~ 



To a stirred solution of N.O-dimethylhydroxyternine hydrochloride (15.8 g, 162 mol) in 120 mL dry 

20 methylene chloride cooled to 0 * C in an ice/water bath and under nitrogen was added N-methylpiperidine 
(19.7 mL 162 mmol) such that the temperature of the reaction remained below 2* C. The clear solution was 
stored at 0*C until needed. 

To a stirred solution of N-Boc-O-benzyl-L-tyrosine (50.0 g, 135 mmol) in 800 mL dry methylene chloride 
and 200 mL dry tetrahydrofuran cooled to -20* C in a dry ice/isopropanol/water bath and under nitrogen was 

25 added rapidly N-methylpiperidine (19.7 mL 162 mmol). The solution was allowed to warm to -12* C and 
isobutyl chloroformate (21.1 mL 162 mmol) was added rapidly such that the temperature of the reaction 
remained between -12* C and -8*C. After addition was complete the reaction was stirred at 0*C for 30 
minutes then the previously prepared solution of N.O-dimethylhydroxylamine hydrochloride and N-methyt- 
piperidine in methylene chloride was added in one portion. The reaction was allowed to warm to 25 *C 

30 where it was stirred for 15 hours. After cooling to 0*C in an ice/water bath the reaction was washed with 
10% citric acid (2 X 200 mL) and brine (1 X 200 mL), dried over anhydrous magnesium sulfate, filtered, and 
concentrated to give 60.2 g tan solid. Crude product was dissolved in ethyl acetate and filtered through a 
pad of siOca gel (230-400 mesh, 400 g in a 2 I sintered glass funnel). The pad was rinsed with 3 I ethyl 
acetate and the filtrate was concentrated to give Step A pnDducLN-methoxy-N-methyhN'-2(S)-[(1.1- 

35 dimemyletrwxycar1wny1)amto (513 g ( 92.8% yield), as a white fluffy 

solid, mp = 1 07-1 08 *C; 



elemental analysis, Catcd for C23H 3 aN20s (414.50): 



40 



Found: 



c. 


66.65; 


H, 


7.30; 


N, 


c. 


66.68; 


H, 


7.13; 


N, 



6.76; 

6.64; [ajo 25 = 5.6* (c = 1.7. methanol). 



Step B: Preparation of N-2(SH(1.1^methytethoxycart^ 

To a suspension of lithium aluminum hydride (7 77 g, 58.0 mmol) in 200 mL dry diethyl ether cooled to 
-40 C in a dry ice/isopropanol bath and under nitrogen was added dropwise a solution of Step A product, 

5Q N-methoxy-N-methyi-N -2(SH0 .1 ^methyletfwxy<^rbony!)aminoh3^4^n2yloxyphenyl)pro pionamide 
(20.5 g. 49.5 mmol), such that the temperature of the reaction remained between -36* C and -38* C. After 
addition was complete the reaction was warmed to 7*C, then cooled to -35* C and quenched by the 
addition of 40 mL 2.75 M potassium bisulfate. After warming to 25* C and stirring for 1 hour the mixture was 
filtered through a pad of Cefite* with diethyl ether rinse. The filtrate was washed with 10% citric acid (3 X 

55 100 mL), water (1 X 100 mL), diluted NaHCCfe (2 X 100 mL). and brine (1 X 100 mL), dried over anhydrous 
magnesium sulfate, filtered, and concentrated to give Step B producLN-2(SK(1.1^iniethylethoxycarbonyl)- 
aminoh3-(4-ben2yk)xyphenyl)pro pionaldehyde (17.76 g, quantitative yield), as a white solid, mp = 98- 
99* C, [ag 5 = 27.4* (c = 1.6, methanol). 
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Step C Thru Step J: Preparation of N / ^1J^methylethoxy<^ony^^5(S^a^n^no^4<SH1^ , * '-dimethylethyl- 
1 .lHJimethylsilyio^)^4-ben^ acid 

Employing the procedure substantially as described in Example 1, Steps A through J but substituting 
for the N-2{SH(1.1<*^thylethoxycarbonyl)aminol-3-phenyl propionaldehyde the product of Step B t 13.4 g, 
there was produced in sequence J the following: 



(Step C Thru Step E) 



^3(SH(1.1-0imethylethoxycarbonyl>amino]^4-beri2yloxypenyl)-1-butene (9.9 g f 74% yield) mp 87- 



8 C. 



elemental analysis, Calcd. for C22H 27 N03 (353467): 



Found: 



c. 


74.76; 


H. 


7.70; 


N. 


c. 


74.85 


H. 


7.69; 


N, 



3.96. 

3.93. [ah 25 = t6.23* (c = 1. methanol). 



(Step F) 

1(RHl'(SHl'.1 '<iimethylethoxycarbonylam^ as an oil (77% yield) 

homogeneous by thin layer chromatography (siQca gel, 25% ethyl acetate/hexanes). 



(Step G) 

(5SyS)-3^arboetho>cy-5^H(l\l'<Jim^ 
dinydrofuran-2-(3H)-one (79% yield) as a white solid, mp 117-119* C 



analysis. Calc'd for C27H33NO7 (483.567): 





c, 


67.06: 


H, 


6.88; 


N. 


Found: 


c. 


66.94; 


H. 


6.96; 


N t 



2£0. 

2.91. [afo 25 = -11.27* ,(c = 1.81, methanol). 



(Step H) 

(5SyS)-3-carboemc»cy-3-pheri^^ 
berizytoxymemyl)ethylldihydrofuran-{3H)-one f (97% yield) as a clear glass which was essentially homo- 
geneous by TLC (50% diethytetherVhexanes). 



Step) 

(3R.5S.1 'Sh3-benzyl-5-{1 -<(1 ,1-dimethylethoxyca^ 
dihydrofuran-2-(3H)-one. (38% yield) as a clear glass which was homogeneous by TLC (50% diethyl 
ether/hexane). The latter fractions of the chromatograpy gave 40% of a mixture of the 3S and 3R lactones. 



(Step J) 

n'-<1 ,1 ^rr»ethy lethoxycartxjny lh5{S>-amino-4(SH1 .1 '-dimethylethyM ,1 -dimethylsilyloxy)-6-<4- 
benzyloxyphenyl>-2(RHphenylmethyl)-hexanoic acid, 94% yield, as a colorless foam. 
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Step K Thru Step L Preparation of N-<2(R)-hydroxy-1 (SHndanyl)-5(SH(1 * 1 ^imethyiethoxycarbonyQarnino)- 
4/S>-hydroxy-6-<4-hyc*roxyphenyl)-2(RHphenylmethyO hexanamide 

Employing the procedure substantially as described in Examples I, Steps D through E, but substituting 
5 for the N^1,lKJimethylethoxycarbonyl)-5(S)-aminch4{SH1 , .1 'nii methylethy 1-1,1 Klimethylsily lox7)-6-phenyl- 
2<RH4-benzy!oxyphenylmethyl)hexanoic acid trie product of Step J, 0.350 g, there was produced in 
sequence, the following: 

io (Step K) 

N-<2(RHiydroxy-1 (SHndanyl)-5<SH1 
benzyloxyphenyl)-2(RHphenylmethyl) hexanamide. 343 mg (96% yield), as a white solid which was 

essentially homogeneous by TLC (3% methanoi/ChbCb). 

is 

(Step L) 

N-{2(R)-hydroxy-1 (S)-indanyl)-5(SH1 .1 -dimethylethoxycarbonylaminoH(S>-hydroxy-6-(4- 
20 hydroxyphenyl)-2(RHphenylmethyl) hexanamide. 280 mg (92% yield) of pure product: mp 210-211*0 
(effervescent) 



25 



elemental analysis, Calc'd for C 33 HioN 2 OG (560.696): 



Found: 



c. 


70.69; 


H. 


7.19; 


N. 


c. 


70.62; 


H. 


7.39; 


N, 



5.00. 
4.79. 
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EXAMPLE 13 



35 



40 



Preparation of N-(2(R)-hydroxy-1 (S)-indanyl)-5(SH1 .1 -dimethylethoxycarbc^ylarnino>4(S)-hydroxy-6-(4- 
hydroxyphenyl)-2(RH4-hydroxyphenylmethyl)hexanamide 

Employing the procedure substantially as described in Example 12, Steps H through L but substituting 
for the (5S.1s')-3-carboethoxy-5[1-((l'«1 -dimethy!ethoxycarbonyl)aminoh2^ 

one the product of Example 12. Step G, 1.80 g, there was obtained in sequence the following (Step A 
through E). 



45 



(Step A) 

(5S.1 sV3-carboethoxy-3-(4-ben2yloxyphenylmethy l)-5-{1 -((1 ,1 -dimethytethoxycarbonyl)-amino)-2-(4- 
benzyloxyphenyl)ethyil-dihydroiuran-2-(3H)-one, 1.17 g (67% yield) as a clear resin essentially homo- 
geneous by TLC (50% ether/hexanes). 



so 



55 



(Step B) 

(3ft5S,1 'S)-3-(4^nzyloxyphenylmett 
benzyloxyphenyl)ethyi><lihydrofuran-2-(3H)-one, 0.65 g (65% yield) as a clear resin which was essentially 
homogeneous by TLC (25% ethyl acetate/hexanes). The latter fractions of the chromatography gave a 30% 
yield of the 35 lactone. 



(Step C) 
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N'-(1.1-dimethylethoxycarbonyl)-5(S)-amino-4{SHl'. 1 '-<Jimethy«ethyl-l,1-dimethylsilyloxy>*(4- 
benzyloxyphenyl)-2{R>-{4-benzyloxyphenylmelhylHiexanoic acid. 0.80 g (quantitative yield) as a colorless 
foam, essentially homogeneous by TLC (5% methanol/CHCb). 



(Step D) ' 

N-<2(R)-hydroxy-1 (SHndanyl-5(S)-{1 .1 ^imethylemoxycarbonyl)aminol-4(S)-hyclroxy-6-{4- 
benzyloxyphenyl)-2(R)-(4-benzyloxyprienylmethyl) hexanamide, 256 mg (95% yield) as a white solid, 
essentially homogeneous by TLC (2% methanol/CHaCb). 



(Step E) 

N-(2(R)-hydroxy-1 (S)-indanyl)-5<SM1 . 1 -dimethy lethoxycarbonylaminoH(S)-hydroxy-6-{4- 
hydroxyphenyl)-2(RH4-hydroxyphenylmethyl) hexanamide hydrate. 196 mg (quantitative yield) as a white 
solid: mp 203-4* C (effervescents sinters at 185* C), 



elemental analysis, caic'd for C 3 3H4oN 2 07 # 0.75 H 2 0 
(590.207): 





c. 


67.15; 


H. 


6.91; 


N, 


4.74. 


Found: 


C. 


66.96; 


H, 


6.68; 


N. 


4.64. 



EXAMPLE 14 



Preparation of n'-<1 J^imefry*ethoxycarbonyf)-5(S)-amfo^ 
phenyl-hexanoyfieucyl-phenytalanyl amide 

Step A: Preparation of 4<SH(M-dimefoyiethoxycaitxxiyl)amino^^^ 

To a stirred solution of 80 mL of commercial 1 M zinc chloride in ether and 200 mL of dry 
tetrahydrofuran cooled to 0*C was added dropwise 120 mL of a commercial 1 M solution of vinylmag- 
nesium bromide in tetrahydrofuran. The mixture was cooled to -30* C and a solution of 10.0 g, 40.1 mmol) 
of N-2(SHt.1^«niemylemoxycarbonyl)aminoh3-phenyi propionakjehyde in 200 mL of dry tetrahydrofuran 
was added slowly over 15 minutes, keeping the internal temperature at -30 * 5*C. The reaction was 
allowed to warm to room temperature and stir for 90 minutes, then quenched by addition at 500 mL of 10% 
aqueous citric acid and extracted into 1 L of cfiethyl ether. The ether extracts were dried over anhydrous 
magnesium sulfate, filtered and concentrated to give a white solid. Crude product was purified by low 
pressure chromatography (silica gel 230-400 mesh, 8 X 18 cm column; ethyl acetaterhexanes; 15%:85%) to 
yield Step A product 4{SH(1,1^rnethylethoxy^ < 6 * 7 9* 

60% yield), as a white crystalline solid. Further elution gave 1.0 g of the 4{S)-hydroxy isomer. 

Step B: Preparation of 4<SH(1 ,1-<ftmeftylethoxyrartK^ i**"' 
tene 

The product from Step A, 1.62 g (5.8 mmol) was dissolved in 50 mL of methylene chloride and to it was 
added 5.1 mL of N.N-diisopropylethyiamine and 5.1 mL of technical grade benzylchloromethyl ether. After 
stirring for 10 days at room temperature, the mixture was diluted with 150 mL of methylene chloride and 
washed with 100 mL of 10% citric acid, dried over MgSO* and concentrated to an oil. Crude product was 
purified by low pressure chromatography (silica gel 230-400 mesh, 8 X 18 cm column; diethyl 
etherhexanes; 15%:85%) to yield of Step B product 4{SH(1.1^^^y*©tf^c^ n y0anwnoh3(Sy- 
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(benzyloxymethyl>-oxy-5-phenyl-1-pentene (2.0 g, 87%), as a white crystalline solid, mp 56-8* C; 



elemental analysis. Calc'd for C22H31NCU (397.518): 



Found: 





72.52; 


H. 1 


7.86: 


N, 


c. 


72.36; 


H, 


7.87; 


N, 



3,41. [a] 0 : 



,25 = 



16.25 (C 



3.52. 

1.7, methanol). 



Step C: Preparation of 3(S)-[(1 < 1^imethyiethQ)cycarbonyl)amino}-2(S)-(benzyloxymethy0oxy-4-phenyl- 
propionaidehyde ~~ 

The product from Step B, 0.60 g, was dissolved in 12 mL of methylene chloride and 6 mL of methanol 
containing 0.125 g of sodium bicarbonate as a suspension. The mixture was cooled to -78* C and a stream 
of ozone was bubbled in until the blue color persisted (ca. 15 min). The mixture was purged with nitrogen 
and 1 mL of dimethyl sulfide was added. After warming to room temperature 100 mg of zinc dust and 0.18 
mL of glacial acetic acid were added. After 1 hour stirring, the mixture was filtered, diluted with 50 mL of 
methylene chloride, washed with 1 X 20 mL safd NaHCOa. dried over MgSO* and concentrated to yield 
crude Step C product, 3(Sh[(1,1^imethylemoxycarbonyl)amino]2(SHbenzyloxymethyl)oxy-4-phenyl pro- 
pionaldehyde (0.60 g). as a clear resia The crude product was homogeneous by thin-layer chromatography 
(silica gel; diethyl ether:hexanes; 25%;75%). 



Step O: Preparation of ethyl (2R.3R,4R,5S), (2S.3R.4R,5S),(2S,3S,4R,5S) and (2R,3S,4R,SS)-5-{(1.1- 
dimethyl-ethoxy(^rtonyl)amino]-3-hyd hexanoate 

To a stirred solution of 0.60 mL of diisopropylamine in 5 mL of dry tetrahydrofuran cooled to -78* C was 
added 2.0 mL of 1.6 M n-butyliithum in hexanes. After 5 minutes, a solution of ethyl dihydrocinnamate (0.48 

^ g, 2.7 mmole) in 2 mL tetrahydrofuran was added dropwise over 5 minutes. After an additional 5 minutes at 
-78* C, a solution of the crude product of Step C, 0.60 g (1.5 mmol), in 5 mL of dry tetrahydrofuran was 
added. The reaction mixture was allowed to warm to -40* C for 15 minutes, then quenched with 20 mL of 
10% citric acid and extracted into 3 X 50 mL of diethyl ether. The combined organic extracts were washed 
1 X 50 mL of H2O. 1 X 50 mL safd NaHCOa, dried over MgSO* and concentrated to give a colorless oil. 

35 The crude product was taken up in 5 mL of ethanol and 20 mg of NaBhU was added. After 5 minutes the 
mixture was concentrated to dryness, diluted with 10 mL of 10% citric acid and extracted with 3 X 50 mL 
ethyl acetate. The combined organic extracts were washed 1 X 50 mL sat'd NaHC03, dried over MgSO*, 
and concentrated to give an oil. Purification by medium pressure chromatography (silica gel E. Merck 
LobarTM size C column), elutfng with 15% ethyl acetate/hexanes gave first the (2R,3R,4R,5S) and 

^ (2S,3R,4R.5S) isomers, 0.14 g, as an inseparable mixture, then secondly 0.13 g of the (2S.3S.4R.5S) 
isomer. The latter fractions contained 0.19 g of ethyl (2R,3S,4R5S)-5-[(1 f 1<fimethyiethoxycarboriyl)-amir^ 
3-hydroxy-4-(berizyioxymemy0oxy-6-ph^ as a dear resin. 



Step E: Preparation of 5(SH(1.1^'nwthylemoxycarbony0a^ 
phenyl-2-(phenylmetrryl) hexanoic acid 

The (2R f 3S t 4R,5S) product of Step 0, 0.19 g, was dissolved in 4 mL of 1 ,2-dimethoxyethane, and to it 
was added 4 mL of 1 M lithium hydroxide. The mixture was heated to 40* C for 30 minutes, allowed to cool 
to room temperature, then acidified with 10 mL 10% citric acid and extracted with 3 X 50 mL of diethyl 
ether. The combined organic extracts were dried over MgSO* and concentrated to give 0.18 g of crude 
carboxyiic acid which was homogeneous by thin layer chromatography (silica gel plate; metha- 
nol:chloroform; 5%:95%). 



Step F: Preparation of N*-(1,1-dimethylettoxycarbony^ 
6-phenyl-2-(phenytmethyl) hexanoyl leucyl-phenytalanyl amide 



The product of Step E, 0.18 g, was dissolved in 4 mL of dry DMF, and to it was added 0.13 g of 
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leucinyl-phenylalanyl amide hydrochloride hemihydrate. 0.046 g of 1 -hydroxy benzotna20le hydrate and 
0.095 g of dimethyh3-(3Klimethylaminopropyl)cart)odiirnide hydrochloride. Triethylamine. 92 mL, was added 
and the mixture allowed to stir at room temperature for 24 hours, then diluted with 50 mL of 10% citric aad 
and extracted with 3 X 50 mL of ethyl acetate. The combined organic extracts were washed with 70 mL of 
water. 50 mL of sat'd NaHCOa. dried over MgSO* and concentrated to give 0.2 g of crude product 
purification by low pressure chromatography on silica gel. eluting with 5% methanol/chloroform gave 0.12 g 
of a clear resin. 



Step G: Preparation of NVl t lKjimemylemoxycarbonyl)-5($)"amino-3(S),4(RH'hydroxy-6-phenyl-2(R)- 
pTenyimethyl) hexanoyl ieucyl phenylalanyl amide 

The product from Step H, 0.12 g. was dissolved in 20 mL of absolute ethanol, and to it was added 100 
mg of 10% palladium on carbon and 5 mL of glacial acetic acid. The mixture was stirred under an 
atmosphere of hydrogen for 5 days at room temperature, then filtered and concentrated to dryness. The 
residue was dissolved in 1 mL of tetrahydrofuran and 1 mL of water was added. A white solid was collected 
and dried under vacuum over P 2 Os. The yield was 0.040 g of product mp 231-232* (C.H.N). 



EXAMPLE 15 



Preparation of N-(3(Syhydroxy4(S>-benzopyranyl)-N / -<1 ,1 -dimethy lethoxycarbonyl)-5(S )-amino-4<S)- 
hydroxy-6-phenyl-2(RHphenylmethyl) hexanamide 

Step A: Preparation of tetrahydro-2H-benzopyrarK>(4 l 3)oxa2ole 

A mixture of 0.138 g of silver cyanate and 0.228 g of iodine in 5 mL of ether were stirred aUoom 
temperature for 1 hour. The reaction mixture was then cooled (ice-water bath) and a solution of 0.116 g of 
3-chromene in 1 mL of ether was added dropwise. The suspension was stirred vigorously at room 
temperature for about 4 hours and the precipitated silver salts filtered off. Methanol (5 mL) and a few drops 
of a solution of Dthium methoxide in methanol, were added to the filtrate and the mixture stirred at room 
temperature for 12 hours. Solvents were then evaporated, and the residue redissoived in a small volume of 
ether, washed with water, dried over anhydrous Na a SO*. and evaporated to furnish iodo-carbamate. The 
crude iodo-carbamate was dissolved in 2.5 mL of diglyme and heated to 160 C for 12 hours. After 
evaporation of solvent the residue was chromatographed over silica gel (50% ethyi acetate-hexane as 
eluent) to give the Step A product 



Step B: Preparation of (^-4>aminochroman-3-ol, also known as (cis) 3-hydroxy-4-amino-benzopyran 

The oxazole from Step A was dissolved in 1 mL of methanol and 2 mL of 1 N methanoflc potassium 
hydroxide was added. The resulting mixture was heated to 40* C for 12 hours. After this period, methanol 
was evaporated, and the residue diluted with water, and extracted thoroughly with a mixture (3:1) of 
ditoroform-ether (3 X 10). The combined extracts were dried over anhydrous NazSO* and evaporated to 
afford the Step B amino-chromanol product which was used directly without further purification. 



Step C: Preparation of N^3(S)^ydroxy^SH>enzopyranyl)-N^1 .1 -^methyiethoxycarbonvD^S^amincH^ 
(SRl Tl '-dimethytethyM .1 <limethylsiiyloxy)-6-pheny h2(R)-S(phenylmethy1) hexanamide 

N^l.lKlimethylethoxyca^^ j'Hfimethylethyl-1.1-dimethylsiiyloxy)-6-p^ 
(RHphenylmethyi)hexarxKC acid of Example 1. Step H, 0.054 g, was dissolved in 1.5 mL of dry OMF. and 
to it was added 0.020 g of 1-hydroxybenztriazole hydrate. 0.029 g of 1-ethyl-3-(3-dimethylaminopropyl) 
cartxxiiimide hydrochloride and 0.018 g of cis-3-hydroxy-4-amino-benzopyran (racemic). Triethylamine was 
added to the stirring solution until the pH is 8.5. After stirring for 12 hours at room temperature, the reaction 
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was poured into 10 mL of water and extracted with 3 X 15 mL of ethyl acetate. The combined organic 
extracts were washed with 10% citric acid, water, saturated aqueous NaHC0 3 solution and dried over 
anhydrous Na^SCU. Evaporation of the solvent gave a residue of a mixture of diastereomers which were 
separated by chromatography over silica gel (50% ethyl acetate/hexanes) to afford the pure isomers as 
colorless oils. * 



Step D: Preparation of n-(3(S)-hydroxy-4(S)-benzopyranyl)-N -(1,1"dimethylethoxycarbonyl)-5(S)-amino-4(S)- 
hydroxy-6-phenyi-2(R)-(phenyimethyl) hexanamide 

The bottom diastereomer (50% ethyl acetate-hexane) from Step C (0.022 g), was placed in a flask and 
to it was added 0.3 mL of a 1 M solution of tetrabutylammonium fluoride in THF. After stirring for 12 hours 
at room temperature, the solvent was removed in vacuo , and the residue was extracted with ethyl acetate (2 
X 15 mL). The combined extracts were washed sequentially with brine and water and dried over anhydrous 
NazSOc. Evaporation of the solvent gave a residue which was chromatographed over silica gel to afford the 
product as a white solid. 



EXAMPLE 16 



Preparation of NK2.3Klihydroxypropyl)-N'-(1 ,1-dimethytetrK)xycart»nyl)-5(S)-^ 
(RHPhenylmethyl) hexanoyl valyl amide 

Step A: Preparationof N'^1,1^imethylethoxycartK3nyr^ 

NK1.1^imethylethoxycautonyl)valine, 4.34 g, was dissolved in 100 mL of dry DMF, and to it was 
added 1.82 g of 1 -amino-2,3-dihydroxypropane, 3.82 g of 1-ethyl-3-(3Kiimethylaminopropyl) carbodiimide 
hydrochloride, and 2.7 g of 1-hydroxybenztriazole hydrate. Triethyiamine was then added until the pH was 
8.5. The reaction was stirred for 2 hours, after which time it was poured into 500 mL of water and extracted 
with 3 X 200 mL ethyl acetate. The organlcs were combined and extracted with 3 X 50 mL 10% citric acid. 
1 X 50 mL water, 1 X 50 mL of a saturated aqueous solution of Na^CO^ 1 X 50 mL brine, dried (Na 2 SOi), 
and the solvent removed to give the Step A product without need for further purification. 

Step B: Preparation of N*-<1 t lHiimethylethoxycarbor^^ ,1 '-dimethylethyH ,1 -dimethyl- 

silytoxy)-^jfrenyl2(BHpherrylm^ % 

The Step A product, N # -<1 ,1 -dhrathylethoxya^ .029 g, was 

dissolved in 10 mL of ethyl acetate and cooled to 0* C with an ice bath. HCI gas was then bubbled through 
the solution for 10 minutes after which time the solvent was removed. The residue was dissolved in 10 mL 
dry DMF, and reacted as in Step H above using .05 g n'-(1 .l^iirnethyletrKDxyca^ ' 
J '-dinrothyletrryM.I -dimethyl acid from Step A in Example 

1. .019 g 1 ^yl-3K3^metfrylaminopropyO carbodiimide hydrochloride, and .014 g 1 -hydroxy benztriazole 
hydrate at a pH of 85 to give the Step B product which was purified by preparative thin layer 
chromatography (10% methancrf/chtoroform saturated with ammonia). 



Step C: Preparation of n'-(1 ,1-dimethytethoxycartx3^ 
(phenylmethyl)-hexanoyryalyl^2,3^ 

The product from Step B, .047 g, was treated with 1 mL of a 1 M solution of tetrabutylammonium 
fluoride in THF in a similar manner as Step B. Example 2 to give .023 g of the product (M.P. = 170-171 
0* C) after purification by preparative thin layer chromatography (10% methanol/methylene chloride). 
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EXAMPLE 17 



Preparation of N^Methyl-5-arniru>5-deoxy-/9-r>ribosyi>-N / >(1 . 1 -dimethy lethoxycarbonyl)-5(S)-amino-4(S>" 
hydroxy-^j3henyl'2(RHP^enylrne<hyl)hexanoyl vaiyl amide 

Step A: Preparation of Methyl'5*amino-5-deoxyj3*r>ribosylvalamide 

To a stirred solution of 0.50 g og N'^1 ( lKjimethylethoxycarbonyl)-vaiine-hydroxy succinimide ester in 
10 mL of DMF was added a solution of 0.808 g of methyl-5-aniino-5-deoxy-2,3.0-isopropylidene-/3-I>ribose 
in 2 mL of DMF. After stirring the resulting mixture at room temperature for 12 hours, the solvent was 
removed in vacuo, and the residue diluted with 10 mL of brine and extracted with ethyl acetate (3 X 10). 
The combined extracts were dried over anhydrous Na^SO* and evaporated. The residue was chromatog- 
raphed over silica gel (50% ethyl acetate-hexane) to give methyl-5-amino-5-deoxy-2,3,0-isopropy1idene-)3- 
r>ribosyW^'^1,1^irnemylethoxy<arbonyl) valamide. To a solution of 0.316 g of the above vaiamide in 5 mL 
of ethyl acetate-methanol (1:1) at -25 *C, anhydrous hydrochloric gas was passed for 5 minutes. The 
resulting solution was stirred at that temperature for 2 hours and then nitrogen gas bubbled through. 
Evaporation of the solvent gave a residue which was washed with ether (2x) and dried under vacuum to 
give the Step A product amine hydrochloride salt as a white solid. 

Step B: Preparation of N-(Methyl-5-amiTTO-5-deoxy"j3"f>ribosyl)-N , -(1 ,1 -dimethylemoxycaifronyl)-5(S)-amino- 
4(ShT ,1 ^imethylemyH,1^imethylsilytoxy)-6^^ amide 

n'-<1 jKjimemy1emoxycaroonyl)-5(S)-amincHHSH1 ' /-dimethylethyM .1 -dimethylsilyloxy)-6-phenyl-2- 
(RMpnenytmethyi) hexanoic acid ( 0.150 g, was dissolved in 8 mL of dry DMF, and to it was added 0.115 g 
of 1-hydroxybenztriazole hydrate, 0.163 g of 1-ethyl-3*(3-dimethylaminopropyl) carbodiimide hydrochloride 
and 0.235 g of Step A product nTethyt-5-amino-5KJeoxy-iJ-D-ribosyl-valamida Triethylamine was added to 
the stirring solution until the pH was 8.5. After stirring for 12 hours at room temperature, the reaction was 
poured into 10 mL of water and extracted with 3 X 15 mL of ethyi acetate. The combined organic extracts 
were washed with 10% citric acid, water, saturated aqueous NaHC0 3 solution and dried over anhydrous 
NaaSCX. Evaporation of the solvent gave a residue which was flash chromatographed over silica gel (5% 
methanol-chioroform) to afford the Step 6 product compound as a colorless oil. 

Step C; Preparation of N^ethyhS-amino-SKieoxy-^D-ribosylhN^I ,1 -dimethylethoxycarbony l)-5(S)-amino- 
4(S)^ydroxy-6^hern/W2(HHpr*enylm^ amide 

The product from the previous step 0.170 g, was placed hi a flask and to it was added 2 mL of a I'M 
solution of tetrabutytammonium fluoride in THF. After stirring for 12 hours at room temperature, the solvent 
was removed in vacuo , and the residue extracted with ethyl acetate (2 X 15 mL). The combined extracts 
were washed sequentially with brine and water and dried over anhydrous NasSO*. Evaporation of the 
solvent gave a residue which was chromatographed over silica gel to afford the product as a white solid 
(mp 186-189* C). 



EXAMPLE 18 



Preparation of N-(2<R)-hydroxy-1 (SHndanyl)-N -(1 ,1 Ktimethylethoxycarbonyl)-5(S)-am^ 
naphthyt)-2(RHphenylmetrryl)hexanamide 

Step A: Preparation of N-< -2(R)-hydroxy- 1(SHndanyl)N'-(1 ,1-1 ,1 -dimemylethoxycarbony1)-5(SVamino-4(Sh 
(1 .1 -dimethylethyH ,1-dimethylsirytoxy)-6K2-fiaphthv^^ 
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N'dJ-dimethylethoxycarbonyO-SiShamino-^SMl' j'-dimethytethyl-1.1-<JimethylsiIyloxy)-6-(2-naph- 
thylh2(RMphenylmethyl)hexanoic acid. 0.068 g (0.118 mmol), (prepared in a similar manner as described 
for Example 1. Steps A-H but starting in Step A with N-2 (SH(1.^imethylethoxycarbonyl)-am!no}-3-(2- 
naphthyl)proptonaldehyde]. was dissolved in 2 mL of dry DMF. To this solution were added 0.025 g (0.13 

5 mmol) of EDC. 0.018 g (0.13 mmol) ? of HOBT. and 0.023 g (0.15 mmol) of 1 (S)-amino-2(R)-hydroxyindane. 
Triethylamine was added to the stirring solution until the pH was 8.5. After stirring at 25* C for 48 hours, the 
reaction mixture was poured into 20 mL of ice water and extracted with 3 X 20 mL of ethyl acetate. The 
combined organic extracts were washed with 1 X 50 mL of 10% citric acid, 1 X 50 mL of saturated aqueous 
sodium bicarbonate solution, and 1 X 50 mL of brine, dried (NasSO*). Filtration and concentration gave 0.08 

70 g of the product which was used without further purification. 

Step B: Preparation of N^2(R)-hydroxy-1(SHndanyl>-N^1,lKiimethylethoxycarbonyl)-5(S)-amino-^S)- 
hydroxy-6*(2»naphthyl)*2(R)-(phenylmethylr-hexanoic carboxamide 

IS 

The product from Step A, 0.08 g, was dissolved in 1 mL of THF and to it was added 1 mL of a 1 M 
solution of tetrabutylammonium fluoride in THF. After stirring for 7 hours, the solvent was removed in vacuo , 
and the residue was treated with 20 mL of 10% citric add solution to precipitate Step B product after 
chromatography on silica gel eluting with CHCbiCHaOH, 97:3. An analytical sample was obtained by 
20 recrystaiiization from CHfeC^hexane. mp 198-200* C; 



elemental analysis, Calcd. for C37H42N2O5 (594.76): 





C = 


74.72; 


H = 


7.12; 


N = 


4.60. 


Found: 


C = 


74.36; 


H = 


7.46; 


N = 


4.60. 



EXAMPLE 19 

30 



Preparation of ^2-benzimidarorylmemyl)-N'^1 t tKto 
phenyl-2(RHphenylmethyl)-hexanoyl isoleucyl amide 



Step A: Preparation of N^1,1^imemylethoxycarbonyl)isoleucyl(succinimide) 

^ A 15 g (0,065 mole) quantity of Booisoleucine, 8.2 g of N-hydroxysuccinimide, and 13.7 g of EDC were 
dissolved in 80 mL of DMF. After stirring at 25* C for 18 hours, the solution was added to 500 mL of water 
and extracted with 3 x 200 mL of ethyl acetate. The organic layers were combined, washed with 4 X 200 
mL portions of water, 200 mL of brine, and dried (NazSOt). Filtration and concentration rn vacuo gave 20.2 
g (95%) of Step A product mp 62-64* C. 

45 

Step B: Preparation of N^24>erramidazolylmethyl)-N f -(1,1^ amide 

The product of Step A, 4.6 g (14 mmol), was dissolved in 70 mL of 1 ,2-dimethoxyethane, and to it were 
5a added 5.9 g (28 mmol) of 2-aminomethyW>eruimidazole dihydrochloride and 7.8 mL (56 mmol) of 
triethylamine. After stirring at 25* C for 18 hours, the solvent was removed in vacuo and the residue was 
dissolved in 250 mL of ethyl acetate. This solution was washed with 3 x 100 mL portions of water, 100 mL 
of brine, and dried (NaaSO*). Filtration and concentration in vacuo gave 4.4 g (87%) of Step B product, after 
chromatography on silica gel (CHaCbiCHaOH. 95:5). 

ss 

Step C: Preparation of N«(2-benzimidazolylmethyl)-isoleucyl amide 



The product of Step B. 2 g (5.6 mmol), was dissolved in 50 mL of ethyl acetate and cooled to -25* C. 
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Hydrogen chloride gas was bubbled intoVie solution for 0.75 hour or until TLC indicated complete reaction. 
Nitrogen was bubble into the reaction as it was left to warm to ambient temperature. Concentration in vacuo 
gave 1.6 g (86%) of Step C product. 

Step D: Preparation of N-(2-ben*imidazolylmemyl)-N-(1 ,1^ * ±^ 

difnetM-TT^ime^ isoleucyl amide 

N'-{1.1-dimethylethoxycarbonyl)-5(S)-amino-4(S)-(l' .r-dimethylethyH.I-dimethylsilyloxy^phenyl^- 
(RMphenylmethylHtexanoic acid, 0.50 g (0.95 mmol). was dissolved in20 mL of OMF. To this solution were 
added 0.199 g (1.04 mmol) of EDC. 0.141 g (1.04 mmol) of HOBT, and 0.38 g (1.14 mmol) of N-{2- 
benzimidazolylmethyl)isoleucyl amide dihydrochloride. Triethylamine was added to the stirring solution until 
the pH was 8.5. After stirring at 25 "C for 72 hours, the reaction was poured into 100 mL of water and 
extracted with 2 X 100 mL of ethyl acetate. The combined organic extracts were washed with 3 X 50 mL 
portions of water, 50 mL of brine, and dried (Na 2 SO<). Concentration in vacuo gave 0.60 g (85%) of Step D 
product after purification of column chromatography on silica gel (CH2Cl2:CH20H,95:5). 



Step E: Preparation of N-(2-benzimidazolylmethyl)-N^ ^ 
hydroxy^6-phenyl-2(R>-(phenylmethyl)-hexanoyl isoleucyl amide 

The product from Step D, 0.60 g (0.081 mol), was dissolved in 7 mL of THF and to it was added 7 mL 
of a 1 M solution of tetrabutylammonium fluoride in THF. After stirring for 18 hours, the solvent was 
removed in vacuo, and the residue was treated with 100 mL of water to precipitate 0.50 g (95%) of the title 
compound? after chromatography on silica gel (CHCb saturated with ammonia:CH30H. 95:5). mp 232- 
233* C. 



Elemental analysis Calcd for Cas^UsNsOs: 



Found: 



C = 


69.59; 


H = 


7.53; 


N = 


C = 


69.66; 


H = 


7.56; 


N = 



10.68. 
10.54. 



EXAMPLE 20 



Preparation of NKIJ^Iimethyletrroxycartony^ 

1 "yl)hexanoyKShphenylglycyH2*hydroxyethyl)*amide 

Using the general procedure outlined in Example 1, Step F, (5S, 1 S) 3-carbethoxy-5-<1-«1,1- 
dimethylemoxycarbony0amino)-2-phenylem^ (4.15 g, 11.0 mmol) was alkylated 

with cinnamyl bromide (2.17 g f 11.0 mmol) to give (5S,1S) 3-carbethoxy-3-(3 / -phenylpror>2'-en-1 -yf)-5-<1- 
((1,lKiimetrrylethaxycar^ (5.43 g). This material (5.43 g, 

11.0 mmol) was decarboxylated (Example 1, Step G) to give (3R.5S.1 S) 3^'phenyJprop-2'-en-1 -yI)-5-{1-<- 
(1J^methytethoxycart»nyl^ (2.50 g). Following Example 1. 

Step H t the aforementioned lactone (2.50 g, 5.9 mmol) was hydrolyzed, siiylated, and rehydrolyzed to give 
N^ljKfimemyletTKJxycart^ y^methylethyM.l^imemylsity 
(3'-phenyiprop-2'-en-l'-yl>-hexanolc acid (2.14 g). This material (0.31 g f 0.6 mmol) was coup*** *> < s >" 
phenylglydne-2-hydroxyethyl amide (0.14 g. 0.6 mmol) according to Example 1, Step I to give N -(1,1- 
dirr*%letrK»^carbc^ ' .1 '-dimethyiethyl-1 ,1-dimethylsilyloxy)-6-phenyl-2(RH3 - 

phenylprop-2'-en-1 # -y»-)hexanoyl (S)-phenylgycyl-2-hydroxyethyl amide (0.085 g). This silyl ether (0.085 g, 
0.12 mmol) was deprotected according to Example 1 . Step J to give the title compound (0.039 g). mp 198- 
200* C. 



EXAMPLE 21 
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Preparation of N-(1 (R),2(S)-dihydro>cy-3(SHndanyl)-N'-(1 J ^imethytethoxycarbonyt)-5(S>-arnino-4(S)- 
5 hydroxy-6-phenyl-2(RH3 -phenylprop-2 -en-1 -yl)-hexanamide ~ 

According to Example 1, Step I, n'-(1 jKlimethylethoxycarbonyO-StSJ-arnino-^SHl' .1 -dimethylethyl- 
1 j<iimethylsilyloxy)^phenyl-2{R)-(3'-phenylprop-2 / en-l '-yl)hexanoic acid (0.15 g, 0.27 mmol) was coupled 
to l{R),2(S)-dihydroxy-3(S>-aminoindane {0.045 g, 0.27 mmol) to give N-(1 ,lKtfmethylemoxycarbonyi)-5(S)- 
w amino-4(SMl' .1 -dimethylethyl-1 J-dimethylsilyloxy)-6-phenyl-2(R)-(3'-phenyiprop-2'-en-l'-yl)hexanoyl-1(R>- 
^(S)-dihydroxy-3(S)-aminoindane (0.19 g). This materia! (0.19 g, 0.27 mmol) was deprotected according to 
Example 1, Step J to give the title compound, (0.1 1 g), mp 218-219* C. 



rs r EXAMPLE 22 



Preparation of N-(24iydroxyethyl)-N'-(1.lKjimetr^efo^ 
20 (phenylthiomethyl)hexanoyl-(S)-phenylglycyl amide 

According to Example 1, Step F, (SS.l'S) 3-rart«thoxy-5^H(1J-dimethylethoxycart>onyl)amino>-2- 
phenylethyl)dihydrofuran-2-(3H)-one (5.8 g, 15.37 mmol) was alkylated with phenyl thiomethyl chloride (2.44 
g t 1 5.37 mmol) to give (5S.1 S) 3-carbethoxy-3-(pheny Ithiomethy l>5-<1 -{(1 . 1 -dimethylethoxycarbony I 

25 )amino)-2-phenylethyl)-dihydrofuran-2-(3H)-one (8.58 g). This material (8.58 g . 172 mmol) was decarbox- 
ylated according to Example 1, Step G. to give (3R,5S,l'S) 3-(phenylthiomethyl)-5-(1 ((1.1 -dimethylethox- 
ycarbony l)amino)-2-phenylethyl)dihydrofuran-2-(3H)-one (1.3 g). Again, following Example 1, Step H, the 
decarboxylation product (1.3 g, 3.04 mmol) was hydrolyzed, silylated, and rehydrolyzed to give N-(1,1- 
dimethylethoxycarbonyl)-5(S)-amino-4(SH1 ' .1 -dimethylethyM ,1 -dimethylsilyloxy)-6-phenyl-2(R>-(pho- 

30 nytthiomethyl)hexanoic acid (0.80 g). This material (0.35 g, 0.63 mmol) was coupled to (S)-phenylglycine-2- 
hydroxyethyl amide (0.43 g, 1.87 mmol) according to Example 1, Step I to give N'-{1,1-dimethylethyM f l- 
dimethylsilyloxy)-6-phenyl-2(R>- (phenylmiomethyl)hexanoyl-(S)-phe^^ (0.34 g). 

This silyf ether (0.33 g, 0.45 mmol) was deprotected according to Example 1, Step J to give the title 
compound (0.01 g) t mp 158-1 59 *C. 

35 

EXAMPLE 23 



40 

Preparation of N-{2(R)-hydroxy-1 (S)-mdanyl)-N'-(1 , 1 -cfimethy lethoxycatitrony l)-5( 
phenyl-2(RH(4-(1 ,1 -dimethylethyl)phenyl)methyl)-hexanamide 

According to Example 1, Step F, (5S t l'S) 3KX^thoxy-5-(1-{(1 t 1^imethylethoxycarbonyf)amin^ 
45 phenylethyl)dihydrofuran-2-(3H>-one (2-28 g, 6.05 mmol) was alkylated with 4-(1 ,1 -cfimethylethyl)- 
phenylmethyi bromide (1.37 g, 6.05 mmol) to give (5S,l'S) 3-carbethoxy-3-<4-(1 ,1-dmethyiethyf)- 
phenylmethy1}-54H<1 J-dimethyletho^ (3.17 p). 

This material (3.17 g. 6.05 mmol) was decarboxylated according to Example 1, Step Q, to give (3FU>S,l'S) 
3-(4-(1 ,1 -dimethylethyl)phenylmethyl)-5-(1 -((1 . 1 -dimethylethoxycartx)ny1)amino)^ 
so 2-(3H)-one (0.60 g). Following Example 1, Step H. the decarboxylation product (0.60 g. 1.33. mmol) was 
hydrolyzed, silylated, and rehydrolyzed to give N-(1 ,1 -dimethemoxycartKxryl)-5{S>-amino-4(SH1 .1 - 
dimemyletriyM J<iimethysily(c^ acid (0.22 g). 

This material (0.14 g, 024 mmol) was coupled to 1(S>-amino-2(R)-hydroxyindane (0.043 g. 0.29 mmol) 
according to Example 1, Step I, to give N-(1 f 1-dimethylethoxycarbonyl)-5(S)-am(no-4(S)- (1* ,1- 
55 dimethylethyl-1 .1 -dimethy lsilyloxy>-6-phenyl-2(RH4-(1 .1 -dimethylethyl)pheny1methyl)hexanoy»-1 (S)-amino-2- 
(R)-hydroxyindane (0.172 g). This silyl ether (0.172 g, 0.24 mmol) was deprotected according to Example 1, 
Step J. to give the title compound (0.067 g), mp 187-189* C. 
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EXAMPLE 24 



5 Preparation of N-(2-befizimtdazolylmethyl^ 
phenyl-2(RHph5iylmethyl)riexan9y<isoleucyi amide 



10 



IS 



20 



25 



Step A: Preparation of N^2-tenzimidazolylmeMyl^5(S)-aminc^ 
hexanoyl Isoleucyl amide 

N-(2-benzimidazolyimethyl>-N^1 f 1-^^ 
{phenylmethyi)-hexanoyl isoleucyl amide, 0.08 g (0.12 mmol) was dissolved in 10 mL of CH 2 CI 2 with stirring 
and cooGng in an ice water bath under argon. To this solution was added 2 mL of trifluoroacetic acid. After 
stirring at 0* C for 2 hours, the reaction was concentrated in vacuo , and the residue partitioned between 100 
mL of CH2CI2 and 50 mL of saturated aqueous sodium bicarbonate solution. The organic layer was 
separated, washed with 50 mL of brine and dried (NaaSOi), filtered and concentrated in vacuo to give 0.065 
g (97%) of N-<2^erizimidazolymethylh5(S^ 
isoleucyl amide. 

Step B: N-^-benzimidazolylmethylhN^^ 
(phenyirhethylH^Qxanoyl isoleucyl amide 

The product from Step A, 0.065 g (0.12 mmol), and 0.185 g (0.68 mmol) of isonicotinoyl p-nitrophenyl 
carbonate were dissolved in 6 mL of dry DMF. After stirring at 25 *C for 18 hours, the reaction was 
dissolved in 50 mL of CH 2 CI 2 , washed with 5 X 25 mL portions of 5% sodium hydroxide solution, 25 mL of 
brine, and dried (Na 2 SO*). Filtration and concentration in vacuo followed^by chromatography on silica gel 
(CH 2 CI 2 :CH 3 OH. 955) gave 0.016 g (20%) of title compound, mp 210-212* C; 



30 



35 



elemental analysis Calcd. for CioH^NeOs *0.75 H 2 0: 



Found: 



c = 


60.20; 


H = 


6.80; 


N = 


c = 


68.14; 


H = 


6.62; 


N = 



11.93. 
11.81. 



40 



EXAMPLE 25 



45 



50 



55 



Preparation of Dilithium N-<2-phosphoryloxyethylhN '^1,lKiimemylethoxycarbonyl)^(S)-amino-4(SHiydroxy* 
6-phenyl-2(RHphenylmethyt)hexanoyMeucine amide 

Step A: Preparation of Methyl N'^1,lHiimethylethoxycarto 
(phenyimethyl)hexarioyHsoleucmate 

A solution of 170 mg (032 mmol) of N'^1 ( 1^imethytetrK>xy^ 
siIytaxy)^henyh2(R>^ acid, prepared as described in Example 1, Step H, was 

dissolved in 1 mL DMF. To this solution was added 47 mg (0.35 mmol) 1 -hydroxybenzotriazole hydrate, 68 
mg (035 mmol) dimethyl-3^3Kiimethylamir^ hydrochloride and 64 mg (035 mmol) 

isoleucine methyl ester hydrochloride. After 5 minutes, triethylamine (98 U.L, 0.70 mmol) was added and the 
mixture was stirred overnight The product was partitioned between EtOAc and 10% citric acid and the 
organic phase was washed with water and brine. After drying (NasSO*), the solvent was evaporated to give 
250 mg of an oil which was purified by chromatography on silica (10% EtOAc/hexane). This material (220 
mg) was dissolved in 2 mL 1 M tetrabutylammonium fluoride in THF. After stirring overnight, the mlxtire was 
diluted with ether and washed with 10% citric acid, water and brine. After drying, the solvent was 
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evaporated to give 1 71 mg of material which was chromatographed on silica (2:1 hexane/EtOAc). There was 
obtained 153 mg of the Step A product as a white solid. 

5 Step B: Preparation of N-(2-hyflroxyethyl)-N -<1 J^methylethoxycart)onyl)-5(S)-amino»4<S>-hydroxy-6- 
phenyt-2(RHphenylmethyT)hexanoy<-ieucine amide 

The methyl ester obtained in Step A (0.28 mmol) was dissolved in 3 mL DME and 0.6 ml 1 N UOH 
was added followed by 1 mL water. The mixture was stirred 1 hour at room temperature and overnight at 

w 4* C. This mixture was allowed to warm to room temperature over 2 hours, diluted with 10% citric add and 
the product was extracted into EtOAc. The extract was washed with water and brine. The extract was dried 
(NazSOt) and evaporated to give 125 mg of a white solid. This solid was dissolved in 2 mL DMF with 1- 
hydroxybenzotriazoie (28 mg. 028 mmol), ethanolamine (34 ttL, 0.56 mmoi) and dimethyl-3-(3- 
dimethyiaminopropyi)carbodiimide hydrochloride (54 mg, 0.28 mmoi). After stirring overnight, the mixture 

T5 was diluted with water and extracted with EtOAc. The extract was washed with 10% citric acid, water and 
brine. After drying (Na2SO*), the solvent was evaporated to give a white solid. The solid was stirred with 
EtOAc and a white solid weighing 5.4 mg was isolated by filtration. Recrystallization from acetone gave 30 
mg of the Step B product mp 202-204 * C. 



20 

Step C: Preparation of N-(2-dibenzy IphosphoryloxyethyfhN-Q , 1 -dimethy lethoxycarbony l)-5(S)-amino-4(S)- 
hydroxy-6-phenyl-2(RHphenylmethyl)hexanoyMeuc<ne amide 

The phosphoryiating agent [bis(ben2yIoxyHN f N-diisopropylamino)phosphine] used in the following 
25 procedure is described in W. Bannwarth and A. Trzeciak, Herv. Chim. Acta. 70, 175 (1987). 

The compound prepared in Step B (21.7 mg, 0.038 mmol) was dissolved in 0.5 mL DMF and 15 mg 
(0.043 mmol) of bis(benzyloxyHN,N-diisopropylamino)phosphine was added followed by 3.9 mg (0.056 
mmol) tetrazole. After 2 hours, an additional 11 mg of the phosphine and 3 mg of tetrazole were added and 
stirring was continued overnight A quantity of m-Chloro-peroxy benzoic acid (30 mg of 65% purity, 0.056 
30 mmol) was added and the mixture was stirred for 1 hour. The mixture was diluted with EtOAc and washed 
sequentially with 5% NaHS0 3 , 10% NaHC0 3 and brine. After drying, the solvent was evaporated and the 
residue was chromatographed on 5 g silica gel (2J5% MeOH/CHCb). There was obtained 22.2 mg of Step C 
product 



35 



Found: 



Analysis CaJcd. for C32H«7N 3 0 6 : 



c = 


67.46; 


H « 


8.31; 


N = 


c = 


67.20; 


H = 


8.37; 


N = 



7.3a 

7.32. 



40 



Step D: Preparation of Dilithium N-(2-phosphoryloxyethyl)"N'-(1 ,lK3imethyl^moxycarbonyl)*5(S)-amino-4(S)- 
hyc^oxy^henyl-2(RHphenyimethyl)hexanoyHeucine amide 

The product of Step C (19.6 mg, 0.024 mmol) was dissolved in3 mL 95% ethanol and 19 mg 10% Pd/C 
•was added. This mixture was stirred 4 hours under an atmosphere of hydrogen. Lithium hydroxide (48 L of 
1 N) was added and the mixture was filtered through Oolite. The Oelite pad was washed with ethanol and 
water. The solvents were removed on a rotary evaporator and the residue was redissotved in 2 mL water. 
The cloudy solution was filtered through CeTrte and lyophilized to afford 16.7 mg of the title compound as a 
fluffy white powder. 'H-NMR (0 2 0) 3 (Chemical shift data relative to water peak assigned 5.50 ppm.) 729- 
7.05 (10H, m); 35 (1H. d); 3.64 (3H f m); 3.42 (1H, m); 3.16 (2H, t); 2.86-2.5 (6H. m); 1.5-1.8 (3H, m); 1.19 
(9H. s); 0.98 (1H, m); 0.7 (6H, m). 



EXAMPLE 26 
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Preparation of N^2K2-(2^ethoxyethoxy)ethoxyfr 
hydroxy-6~phenyl-2(RHphenylmethyl)hexanoyl valy) amide 



5 Step A: Preparation of 2-[2-(2^ethoxyethoxy)ethoxyhethy1 tosylate 

f 

Powdered KOH (10.6 g. 0.20 mol) was suspended in anhydrous diethyl ether (250 mL) and cooled to 
0*C under an argon atmosphere. Triethylene glycol monomethyl ether (23.9 mU 0.15 mol) and p-toluene 
sulfonyl chloride (30.5 g, 0.16 mol) were added sequentially to the suspension. The progress of the reaction 

to was monitored by thin layer chromatography. After stirring for 16 hours, additional powdered KOH (2.5 g, 
0.04 mol) and triethylene glycol monomethyl ether (1.0 mL 0.006 mol) were added to the reaction mixture. 
After another 2 hours no p-toluenesulfonyl chloride was present in the reaction mixture. The reaction 
mixture was filtered of sofids and the filtrate was washed with water, and brine, dried (MgSOO, filtered, and 
concentrated in vacuo to give 46.5 g of Step A product as a colorless oil. 'H-NMR (CDOa) 6 2.45 (s. 3H); 

is 3.38 (s. 3H); 3T53lmT2H); 3.60 (m f 6H); 3.68 (t, 2H); 4.16 (t 2H); 7.32 (d, 2H); 7.80 (d, 2H). 



• Step B: Preparationof 2-[2-(2*methoxyethoxy)ethoxy}-ethyl phthalimide 

ao Potassium phthalimide (40.7 g, 0.22 mol) and the product of Step A J46.5 g ( 0.146 mol) were mixed 
together in anhydrous dimethyl formamide (150 mL) and heated at 120* C for 2 hours under an argon 
atmosphere. The reaction mixture was cooled to room temperature, diluted with diethyl ether (600 mL) and 
filtered through Celite. the filtrate was concentrated in vacuo to give an oil. This oil was dissolved in diethyl 
ether (225 mL). and the ether solution washed with water, 0.1 N NaOH, and brine, dried (MgSCh). filtered 

25 and concentrated in vacuo to give another oil. This oil was triturated with water, causing some solid to 
crystallize out "Thesolid was filtered and the filtrate extracted with methylene chloride (2 X 75 mL). The 
combined extracts were dried (MgSO*), filtered, and concentrated in vacuo to give Step B product (24.4 g)- 
as a colorless oil. 'H-NMR (COCI 3 ) 5 3.33 (s. 3H); 3.48 (m. 2H); 3.60 (m, 4H); 3.66 (m, 2H); 3.75 (t 2H);3.91 
(t f 2H); 7.70 (m, 2H); 7.84 (m. 2H). 

30 

Step C: Preparation of 2-[2*(2-methoxyethoxy)ethoxy]-ethyl amine 

The product of Step B (24.3 g, 0.083 mol) was dissolved in ethanol (100 mL) and hydrazine (26.5 mL, 
as 0.83 mol) was added. The reaction mixture was heated to reflux and a copius white solid precipitated out 
The reaction mixture was cooled to room temperature, diluted with ethanol (500 mL) and filtered. The filtrate 
was concentrated in vacuo to give an oil. This oil was combined with the solid from above, mixed with water 
(250 mL) and the pH adjusted to 2D by addition of concentrated hydrochloric acid. An insoluble solid was 
filtered and the filtrate was made strongly basic by addition of 10 N NaOH. This solution was extracted with 
do methylene chloride(4 x 100 mL). The methylene chloride extracts were combined, dried (NaOH) and 
concentrated in vacuo to give 12.1 g of oil. This oil was chromatographed on siPca gel eluted with 5% 
methanol in chloroform, saturated with ammonia to give Step C product (9.57 g) as a colorless oil. 1 H-NMR 
(C0CI 3 ) 5 154 (s, 2H); 2.87 (t 2H); 3.38 (s, 3H); 3.52 (t 2H); 3.56 (m, 2H); 3.66 (m t 6H). 

45 

Step D: Preparation of N-{tert-butoxycarbonyi)-L-valine succimmide ester 

rntett-butoxy carbonylK-vafine (5-02 g, 0.023 mol). N-hydroxy succinimide (2.88 g, 0.24 mol), and 1- 
(3-dimethy1aminopropylh3-ethyl carbodiimide hydrochloride (439 g, 0.025 mot) were dissolved together in 
50 anhydrous dimethylformamide (25 mL). After stirring for 16 hours at room temperature, the reaction mixture 
was concentrated in vacuo to remove solvent The residue was partitioned between ethyl acetate and 10% 
aqueous citric acid! The organic phase was separated, washed with saturated aqueous NaHCOa, brine, 
dried (MgSO*), filtered aid concentrated in vacuo to give 633 g of a white solid. 'H-NMR (CDCb) 5 105 
(m, 6H); 1.46 (s. 9H); 2^0 (m, 1H); 2.85 (s, 4H); 4.60 (dd, 1H); 5.02 (d. 1H). 



Step & Preparationof N-[2-(2-{2-methoxyethoxyhethoxy)ethyl]vafine amide hydrochloride 
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The product of Step 0 (130.5 mg, 0.41 mmol) and the product of Step C (73 mg, 0.45 mmol) were 
dissolved together in dimethoxyethane (1 J5 mL) at room temperature under an atmosphere of argon. After 4 
hours, the reaction mixture was concentrated in vacuo to remove solvent and the residue was chromatog- 
raphed on silica gef using a gradient elution"of 0-5% methanol in chloroform. This gave 108.5 mg of a 
5 colorless oil as product. 'H-NMR (CSd 3 ) 5 0.90 (d, 3H); 0.95 (d, 3H); 1.45 (s. 9H); 2.10 (m. 1H); 3.40 (s, 
3H); 3.48 (m, 2H); 3.58 (m t 4H); 3.62 (m. 6H); 3.92 (t.lH); 5.15 (d, 1H); 6.40 (br.s. 1H), This oil was 
dissolved in ethyl acetate (5 mL) and cooled to 0*C. Hydrogen chloride gas was bubbled into the solution 
vigorously for 20 seconds and then stopped. After another 15 minutes at 0*C, the reaction mixture was 
concentrated in vacuo to give 76.8 mg of a non-crystalline solid as the Step E product. 

10 

Step R Preparation of N-(2-(2-<2-methoxyethoxy>-ethoxy)ethyl)-N / -{1 ,1 -dimethylethoxycarbonyl)-5(S)-amino- 
4(S)-hydroxy-6-phenyP2-(RHphenylmethyl)hexanoyl valyl amide 

is 5(SHert-butoxycartx>nytemino-2(R^^ acid (98 

mg. 0.186 mmol), 1 -hydroxy benzotriazole (28.9 mg, 0.208 mmol), 1-{3-dimethylaminopropyl)-3-ethyl car- 
bodiimide hydrochloride (40.2 mg. 0.21 mmol) and the product of Step E (69 mg, 0231 mmol) were 
dissolved together in anhydrous dimethyl formamide (4.5 mL). Triethyl amine (70 til 0.502 mmol) was 
added to the solution and the reaction mixture was stirred at room temperature for 16 hours under an 

20 atmosphere of argon. The solvent was removed in vacuo and the oil residue was partitioned between ethyl 
acetate and 10% aqueous citric acid. The organic phase was separated and washed with brine, dried 
(MgSOt), filtered and concentrated in vacuo to give an oil weighing 176.8 mg. This oil chromatographed on 
silica gel eluted with a gradient of 0-3% methanol in methylene chloride to give 135 mg of a colorless oil. 
This oil was dissolved in a 1 molar tetrahydrofuran solution of tetrabutyl ammonium fluoride (3 mL) and 

25 stirred at room temperature for 16 hours. The reaction mixture was concentrated in vacuo and the residue 
partitioned between ethyl acetate and 10% aqueous citric add. The organic phase was separated, washed 
with saturated aqueous NaHC03 and brine, dried (MgSO*) and concentrated in vacuo to give 108 mg of oil. 
This oil wash chromatographed on silica gel eluted with 10% ethanol in hexane to give 35 mg of the title 
compound as a white solid. 'H-NMR (CDCI 3 ) $ 0.79 <d, 3H); 0.84 (d, 3H); 1.36 (s, 9H); 1 .73 <m, 2H); 2.00 (m, 

30 1H); 2.66 (dd, 1H); 2.86 (m, 4H); 3.33 (m, 5H); 3.56 (m, 12H); 4.13 (t, 1H); 5.00 (d. 1H); 7.00 (d, 2H); 7.17 
(m. 10H). 



Analysis Galcd. for CacHssNaOs'l^ C 2 HeO: 





C = 


65.27; 


H = 


8.59; 


N = 


6.17. 


Found: 


C = 


65.19; 


H = 


8.34; 


N = 


6.25. 



EXAMPLE 27 



Preparation of n'-(1 ,1 -dimethylethoxycartxjnyl)-4(Sham^ 
phenylalanine amide """" 



Step A: Preparation of N-(1 ,1 -cfmrrethyletrtoxyoartxjny 
Q-benzylgtutamyl)-phenylaianine amide 

To a solution of Glu (70CH 2 C6H s )-Phe-NH2*Ha (820 mg, 0.00195 mole), Boc ACHPA^OH (590 mg. 
0.0019 mole), and l-hydroxybenzatriazole (800 mg. 0.0059 mole) in N.N-dimethylformamide (10 mL) cooled 
at -20 *C was added N-methylmorpholine (1.0 mL 0.009 mole) followed by 1-ethyl-3-{3- 
dimethylaminopropyl) caitKxliimide-hydrochloride (375 mg, 0.0019 mole). After addition of another 0.7 mL 
of N-methylmorpholine (pH-8). the reaction mixture was stirred under N2 at about -20* C for 2 hours and at 
room temperature overnight (20 hours). The solution was concentrated in vacuo and the residue taken up in 
ethyl acetate and 10% aqueous citric acid. The ethyl acetate solution" was washed with water, aqueous 
NaHC03. and brine, and dried over NaaSO*.. Filtration and evaporation gave a pale yellow residue, which 
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was triturated with ether to give the Step A product as a white solide (1.15 g, 90% yield), mp 147-150* C. 



Analysis Calcd. for C 3 7Hs 2 N*08 Nat Wt 680.855 



Found: 



c = 


65.27; 


H = 


7.70; 


N = 


fC = 


65.41; 


H = 


7.81; 


N = 



8.23. 
8.34. 



10 



15 



Step B: Preparation of N -<1 ,1 <timethylethoxycarbonyl)-4<S)-amino^ 
gtutamyf-phenyialanine amide 

A mixture of Boc ACHPA-Glu (tCH 2 CcHs) PheNH* (1.1 g, 0.0016 mole) and 10% palladium on 
activated carbon (60 mg) in methanol (25 mL) was stirred under a hydrogen atmosphere for 4 hours and 
then filtered through a pad of Super-cel. The filtrate was concentrated in vacuo and the residue recrystal- 
lized from methanol to give the title product as a colorless crystalline solid (560 mg, 56% yield), mp 
>180*Ceff. 



20 



Analysis Calcd for C^oHuNUOs 'CHaOH, 



Found: 



c = 


59.79; 


H = 


8.09; 


N = 


c = 


59.43; 


H = 


8.18; 


N = 



9.00. 
9.06. 



25 



EXAMPLE 28 



30 



Preparation of rH3^imethylamirK)propyl)-N'^ 
phenyl*2(RHprienylmethyl)hexanoyl vaiyl amide 



35 



40 



Step A: Preparation of N* -(1 J^imemylethoxy(art)onyl)-5(S>-amino-4(SH1 ' , 1 '-dimethylethy 1-1 , 1 -dimethyl- 
sliyioxy^^henyl-2(RHphenylmethyl)hexanoyl-N-<4 ,4 -dimethytamino propyl)valyl amide 

N'-{1 ,1^memylethoxycanbonyl)-5(S)-arnino4{SHl' .t '^imemylethy»-1,lKlimethyisilyloxy)-6i5henyl-2- 
(RHphenylmethyOhexanoyl-vaiine, 0.2 g, was reacted with 0.04 g of 4.4-dlmethylaminopropyl Bmine, 0.075 
g 1-ethyl-3-<3-dimethylaminopropyl) carbodiimide hydrochloride, and 0.053 g 1 -hydroxybenztriazole hydrate 
using triethylamine to adjust the pH to 8.5 as in Step A, Example Z to give the Step A product after 
purification of preparative thin layer chromatography (10% methanol/chloroform saturated with ammonia). 



45 



so 



Step B: Preparation of N-<1 1 1 Kltmethylethoxycarbony^ 
(phenylmemyl)^exarK)yMNH4\^ime^ amide 

The product from Step A, .18 g, was treated with 2 mL of a 1 M solution of tetrabutylammonium fluoride 
as in Step A. Example 2. to give D78 g of the product (mp 175-177 0*C) after purification by preparative 
thin layer chromatography (10% methanol/methylene chloride). A sample of this product 0.03 g t and maleic 
acid. 0.006 g, were dissolved in 10 mL of methanol and stirred for 10 minutes, after which time the solvent 
was removed and the resulting solid recrystallized from ethyl acetate/methanol to yield 0.027 g of the 
product as the maieate salt (mp 125-127 0* C). 



55 



EXAMPLE 29 
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Preparation of N-Benzyt-2(SHl^2(SH(1.1^'™ethyie^^ 
hydroxy-2-propylh1(R)-cyctopentane carfaoxamide ("cis-Tyr-Pro") 



5 Step A: Preparation of N-6(S)-[(1 j43imethylethoxycarbonyl)aminofr7-(^ 
acid 

To a stirred suspension of 4-carboxybutyltriphenyl phosphonium chloride (77.4 g, 201 mmol), (prepared 
as described by D.B. Denney and LC. Smith, J. Org. Chem. , 27, 3404 (1962)) in 400 ml_ dry 

10 tetrahydrofuran cooled to 0*C in an ice/water bath and under nitrogen was added dropwise a solution of 
potassium bis(trimethylsiryl)amide in toluene (505 ml, 0.692 M, 349 mmol) such that the temperature of the 
reaction remained below 0.8* C. After addition the reaction was stirred at 0* C for 5 hours, cooled to -75* C 
in a dry ice/isopropanol bath, and a solution of N^SHCI.I^i^ethylethoxycart^yl^aminohSK^-berurylox- 
yphenyl)propionaldehyde (17.7 g, 49.5 mmol) in 200 mL dry tetrahydrofuran was added dropwise such that 

75 temperature remained below -73* C. After addition was complete, the reaction mixture was allowed to slowly 
warm to 25* C where it was stirred for 18 hours. Reaction was quenched by the addition of methanol (40 
mL) and concentrated under reduced pressure. The residue was taken up in ethyl acetate (200 mL) and 
10% citric acid (200 mL), the organic phase was collected, and the aqueous phase was extracted with ethyl 
acetate (3 x 100 mL). The combined organics were washed with saturated NaHCCb (3 x 100 mL) and brine 

20 (1 x 100 mL), dried over anhydrous magnesium sulfate, filtered and concentrated to give 35 g of a yellow 
oil. The crude product was purified by low pressure chromatography (silica gel 230-400 mesh; 9 x 15 cm 
column; chloroform (97%);methanol (3%)) to yield Step A product (19.0 g, 90% yield). An analytical sample 
was obtained by recrystallization from diethyl ethenhexane, mp 113-115* C; 



25 



elemental analysis. Calcd. for C2sH 3 iNOs (425.526): 





C = 


7056; 


H = 


7.34; 


N = 


3.29. 


Found: 


C = 


70.45; 


H = 


7.54; 


N = 


3.30. 



30 



35 



40 



45 



Step B: Preparation of N-6(SH(1 .1 "Dimethylethoxycarbonyl)amino]-7-(4«ben2y loxypheny l)-1 -hydroxy-(Z)-4- 
heptene 

To a stirred solution of the product of Step A (18.8 g, 44 mmol) in 50 mL dry tetrahydrofuran under 
nitrogen was added triethylamine (9.2 mL, 66 mmol). The solution was cooled in an ice/methanol bath to 
-18* C and ethyl chloroformate (6.3 mL, 66 mmol) was added such that the temperature remained below 
-10* C to give a light yellow suspension. After warming tp -2*C over 45 minutes, the mixture was filtered 
through a medium sintered glass funnel with cooling of the filtrate in an ice bath. To the filtrate at 0 * C 
under nitrogen was added portionwise sodium borohydride (3.1 g, 82 mmol) followed by dropwise addition 
of methanol After stirring at 0* C for 1 hour following addition, the reaction was quenched by the additionof 
water (50 mL) and allowed to warm to 25* C. The mixture was poured into 10% citric acid (200 mL) and 
extracted with diethyl ether (3 X 150 mL). The combined organics were washed with 5% NaOH (3 X 100 
mL), water (1 X 100 mL), and brine (1 X 100 mL), dried over anhydrous magnesium sulfate, filtered, and 
concentrated. The crude product was purified by low pressure chromatography (silica gel 230-400 mesh; 9 
x 15 cm column; chloroform (98%):methanol (2%)) to yield Step B product (14.5 g, 80% yield). An 
analytical sample was obtained by recrystallization from ethyl acetaterhexane, mp 94-97* C; 



50 



elemental analysis Calcd. for C25H33NO4 (411.542): 



Found: 



c = 


7256; 


H = 


8.80; 


N = 


c = 


72.89; 


H = 


8.05; 


N = 



3.40. 
3.26. 



Step 



Preparation of N-6(S)-f1 ,1 -Dimethy1ethoxycart3onyl)aminor-7-(4-benzyloxyphenyl)-1 - 



methanesulfonyHZ)-4-heptene 
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To a stirred solution of the product of Step B (5.55 g. 13.4 mmol) in 100 ml dry methylene chloride 
cooled to 0* C in an ice/water bath and under nitrogen was added triethylamine (7.7 mU 55 mmol) followed 
by methanesuHonyl chloride (2.1 mL 27 mmol) dropwise such that temperature of the reaction remained 
below 2* C. The reaction was stirred at 0* C for 30 minutes then quenched by the addition of ice water (100 
5 mL). After warming to 25* C. the organic phase was collected and the aqueous phase was extracted with 
methylene chloride (2 X 25 mL). f The combined organics were washed with water (2 X 50 mL). 10% citric 
acid (2 X 50 mL), saturated NaHC0 3 (2 X 50 mL). and brine (1 X 50 mL). dried over anhydrous magnesium 
sulfate, filtered, and concentrated to give Step C product (6.55 g, quant yield) as a white solid, mp 73- 
75* C. 



Step D: Preparation of N-6(SH(1 ,1 -DimethylethoxycarbonyQamino^-t^benzyloxyphenyl^l -iodo-(Z)-4-hep- 
tene 

;s To a stirred solution of sodium iodide (19.9 g. 13.3 mmol) in 100 mL acetone under nitrogen was added 
a solution of the product of Step C (6.5 g, 13.3 mmol) in 130 mL acetone. The clear yellow solution was 
stirred at 25* C for 1 hour, heated under reflux for 1 hours, and stirred at 25* C for 1 hour. Upon 
concentration under reduced pressure, the resultant residue was taken up in water (50 mL) and extracted 
into ethyl acetate (3 X 50 mL). The combined organics were dried over anhydrous magnesium sulfate, 

20 filtered, and concentrated to give Step 0 product (6.7 g, 97% yield) as a light yellow solid. An analytical 
sample was obtained by recrystallization from diethyl ether, mp 83-84.5 C; 



elemental analysis Calcd. for C25H32NO3I (521.44): 



25 



Found: 



c = 


57.58; 


H = 


6.18; 


N = 


c = 


57.61; 


H = 


6.10; 


N - 



2.69. 
2.67. 



Step E: Preparation of Ethyl F^SH(1.1<l'™e%lethoxycarbonyl)^ 
ethoxycarbonyl-(Z)-6-nonenoate 



To a stirred suspensionof sodium hydride (53.5 mmol, from 2.14 g, 60% in oil dispersion; rinsed with 3 
X 30 mL dry hexanes) in 20 mL dry dimethyfformamide cooled to 0*C in an ice/water bath and under 
nitrogen was added dropwise diethyl malonate (12.1 mL 80 mmol). The mixture was stirred at 25 C for 30 
minutes, then a solution of the product of Step D (6.57 g, 12.6 mmol) in 35 mL dry dimethytformamide was 
added rapidly via cannula The reaction was heated at 80* C for 40 minutes, cooled to 25* C, and 
concentrated under high vacuum. The resultant residue was partitioned between ethyl acetate (200 mL) and 
10% citric add (100 mL). the organic phase was collected and the aqueous phase was extracted with ethyl 
acetate (3 X 50 mL). The combined organics were washed with water (2 X 100 mL), saturated NaHC0 3 (2 X 
100 mL), and brine (1 X 100 mL). dried over anhydrous magnesium sulfate, filtered, and concentrated to 
give 1fr g yellow oil Crude product was purified by low pressure chromatography (silica gel 230-400 mesh; 
9 X 15 cm column; hexanes (85%):ethyl acetate (15%)) to yield Step E product (6.95 g, 99% yield as an 
oily white solid. An analytical sample was obtained by recrystallization from diethyl etherhexanes, mp 45- 
46* C; 



elemental analysis Calcd. for C32H43NO7 (553.697): 



so 



Found: 



c = 


69.42: 


H = 


7.83; 


N = 


2.53. 


c = 


69.40; 


H = 


7.77; 


N = 


2.46. 



55 Step ft Preparation of Ethyl N-8(SH(1 .1 -dimemylethoxycarbonyl)aminol-9-(4-ben2yloxyphenyl>*2- 
ethoxycarbonyl-6(R) ( 7(R>-epoxy-nonenoate 

To a stirred solution of the product of Step E (6.60 g, 12 mmol) in 100 mL dry methylene chloride 
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cooled in an ice methanol bath to -16* C and under nitrogen was added in one portion 3-chloroperoxyben- 
zoic acid (97%, 8.2 g, 47 mmol). Reaction mixture was slowly allowed to warm to 15* C over 6 hours then 
was concentrated to dryness. The residue was taken up in diethyl ether (400 mL) and washed with diluted 
NaHC0 3 (2 X 100 mL) t diluted Na 2 S03 (2 X 100 mL), diluted NaHCOa (2 X 100 mL), and brine (1 X 100 
5 mL), dried over anhydrous magnesium sulfate, filtered, and concentrated. The crude product (as a mixture 
of isomers (threorerythro = 5:2 by 1 H-NMR)) was purified by bw pressure chromatography (silica gel 230- 
400 mesh; 10 X 16 cm column; hexanes (70%):ethyl acetate (30%)) to yield the product of Step F (4.46 g, 
65%), mp 49-51* C. 

10 

Step G: Preparation of 3(RKartK>xyemyl-8(SHN-1(SH(1.1^ 
yphenyl)ethyl]-1-oxa-7(S)-bicydo-[3.3.0loctane-2-one 



75 



20 



25 



30 



To a stirred solution of Step F product N-7(SH(1.1^irnethyiethoxycarbonyl)amino]-8-(4-benzylox- 
yphenyl)-1 t 1-dicarbonxyemyl-5(R) t 6(R)-epoxy'^ctane (2.1 g, 3.7 mmol), in 100 mL dry tetrahydrofuran 
cooled to -20* C in an ice/methanol bath and under nitrogen was added dropwise a solution of lithium bis- 
(trimethylsilyl)amide in hexanes (7.4 mL, 1.0M, 7.4 mmol). The reaction was allowed to warm to -5* C over 
5 minutes then was cooled to -10* C and a soiutionof zinc chloride (7.4 mL, 1.0 M, 7.4 mL) was added. The 
clear solution was allowed to warm to 25* C where it was stirred for 64 hours. The reaction was poured into 
10% citric acid (150 mL) and the mixture was extracted with diethyl ether (3 X 100 mL). The combined 
organics were washed with saturated NaHC03 (2 X 50 mL) and brine (1 X 50 mL), dried over anhydrous 
magnesium sulfate, filtered, and concentrated to give a clear oil. The crude product was purified by low 
pressure chromatography (silica gel 230-400 mesh; 3 X 16 cm column; methylene chloride (95%):ethyl 
acetate (5%)) to yield Step G product (1.4 g, 72% yield) as a clear foam, mp 41-43* C; 



elemental analysis Calcd. for C3oH37N07 (523.627): 



Found: 



c = 


68.81; 


H = 


7.12; 


N = 


c = 


68.77; 


H = 


7.13; 


N = 



2.67. 
2.61. 



35 



40 



45 



Step H: Preparation of 8(SHN-1(SH(1.1-Oimemylethoxy 
3(R),7(S)-bicyclo[3.3.0]octane-2-one ~~ ' 

To a stirred solution of the product of Step G, (47 mg, 0.09 mmol) in 1.0 mL 1 ,2-dimethoxyethane under 
nitrogen was added 1.0 mL 1N UOH (aq.). The dear solution was stirred for 4 hours then 13 mL 10% citric 
acid was added. The mixture was extracted with diethyl ether (3 X 20 mL) and the combined organics were 
washed with water (1 X 20 mL) and brine (1 X 20 mL), dried over anhydrous magnesium sulfate, filtered, 
diluted with 20 mL dry toluene, and concentrated to dryness. The crude acid was dissolved in 10 ml 
xylenes and heated at 160* C for 10 hours then concentrated under high vacuum. The crude product was 
purified by low pressure chromatography (silica gel 230-400 mesh; 3 X 16 cm column; hexanes (75%):ethyl 
acetate (25%)) to yield the title product of Step H, (20 mg, 49% yield), as a white soOd, mp 134-137*0, 
(C;H;N). 



Step k Preparation of N^nzyi-2(SH^2(SH(l»l<limethytethoxycan^ 
(S)-hydroxy-l-propyl}-l(R)-cyctopentane carboxamide 

To a stirred solution of benzytamine (0.05 mL, 0.45 mmol) in 3 mL dry tetrahydrofuran cooled to -78* C 
in a dry ice/isopropanoi bath was added a solution of n-butyilithium in hexanes (0.20 mL, 1.6 M, 0.32 mmol) 
to give a red solution. After 15 minutes at : 70* C a solution of the product of Step H (20 mg, 0.04 mmol) in 
2 mL dry tetrahydrofuran was added. After 90 minutes at -70 "C, the reaction was quenched by the 
addrtionof 10% citric acid (10 mL). The mixture was extracted with ethyl acetate (3X15 mL); the combined 
organics were washed with water (1 X 15 mL), saturated NaHCOa (1 X 15 mL). and brine (1 X 15 mL), dried 
over anhydrous magnesium sulfate, filtered, and concentrated. The crude product was purified by low 
pressure chromatography (silica gel 230-400 mesh. 5 X 16 cm column; acetonitrile (10%):methylene 
chloride (90%) to acetonitrile (20%):methylene chloride (80%)) followed by preparative thin layer 
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chromatography (E. Merck plate, silica gel F254, 0.5 mm; acetonitrile (20%):methylene chloride (80%)) to 
yield the Step I product (18 mg, 73%. yield), (C;H;N). 

5 Step J: Preparation of N-Ben2yl-2(SHN-2(SH(1.1<I'"^ 
hydroxy-1-propyl)-1(R)-cyclopentdtne carboxamide 

The product of Step I, 15 mg, was dissolved in 3 mL ethanol and 3 mL tetrahydrofuran and to it was 
added 5% palladium on carbon. 20 mg. The mixture was stirred under hydrogen at atmospheric pressure 
70 for 20 hours, then filtered and concentrated to dryness. The oily residue was dissolved in 2 mL of ethanol 
and 10 mL of water was added- A white solid precipitated which was collected and dried. The yield was 12 
mg of pure product (95% yield), (C;H;N). 

t S EXAMPLE 30 



Preparation of N-Benzyl-2(RHN-2(SH0 ,1<limethylemoxycarbonyl)amino)-3K4-hydroxyphenyl)"2(S)- 
20 hydroxy*1-propylhl(R)-cyclopentane carboxamide ("trans-Tyr-Pro") 

Step A: Preparation of 4(SH(1 ,1 -dimethyl-ethc^caufronyOam^ -pen- 
tene: " 

25 

To a stirred solution of 80 mL of commercial 1 M zinc chloride in ether and 200 mL of dry JHF cooled 
to 0* C was added dropwise 120 mL of commercial 1 M vinylmagnesiurn bromide in THF. The mixture was 
cooled to -30 *C and a solution of 103 g (30 mmol) of N-2(SH(1.1^imethylethoxy<^rbonyl)aminoh3-<4- 
benzyloxyphenyl>-propionaldehyde in 200 mL of dry THF was added slowly keeping the temperature at -30 

30 £ 5* C. The reaction was allowed to warm to room temperature and stir for 90 minutes, then quenched by 
addition of 500 mL of 10% citric acid and extracted into 1 L of diethyl ether. The ether extracts were dried 
over MgSO*, filtered and concentrated to give a white soPd. Crude product was purified by low pressure 
chromatography (silica gel; 10%-50% ethyl acetate/CH 2 C! 2 ) to yield the 3(S) alcohol, 6.0 g (56% yield) as a 
white solid which was essentially homogenous by TLC (10% ethyl acetate/hexanes). Further elution with 

35 50% ethyl acetate/hexanes afforded 0.77 g (7% yield) of the 3(R) alcohol. 

Step ffc Preparation of 4(SH1 .1 -dimethylethc^carbony0aminoh3(Shacetoxy-5^44)en2y loxypheny l)-1 -pen- 
tene 

40 

The product of Step A, 6 g, was dissolved in 200 mL of CH2O2 and to it was added 3 mL of acetic 
anhydride, 4.4 mL of triethylamine and 25 mg of 4-dimethylamirtopyridine. The mixture was allowed to stir 
at room temperature overnight then diluted with 100 mL CH 2 CI 2 and washed with 1 X 20 mL 10% citric 
acid 1 X 200 mL H 2 0. 1 X 200 mL safd NaHCOj and dried over MgSO*. After filtration and removal of 
4s solvents under reduced pressure, the crude product was purified by low pressure chromatography (silica 
gel; 25% ethyl acetate/hexanes) to yield the pure acetate, 6.65 g (quant), as an oil which was homogenous 
by TLC (25% ethylacetate/hexanes). 

so Step C: Preparation of N^SHQ.I^m^ytethoxycarbonyl)^ 
acid 

The product of Step B, 7.43 g, was dissolved in 40 mL of dry THF and added dropwise to a solution of 
62 mL of commercial 0.692 M potassium hexamethyldisilazide in toluene and 100 mL of dry THF cooled to 
55 -78* (±5)" C under nitrogen atmosphere. After 10 minutes at -78(±5)*C, a solution of 7.3 g of t-butyl- 
dimethyisilyl chloride in 30 mL of dry hexamethyiphosphoramtde was added. The mixture was allowed to 
warm to room temperature and stir for 15 hours, then diluted with 400 mL of ethyl acetate and washed with 
2 X 100 mL 10% citric acid and 2 X 200 mL of H2O. The aqueous layers were extracted with 1 X 100 mL of 
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ethyl acetate and the combined organic extracts were washed 2 X 200 mL of sat'd brine and dried over 
MgSO*. After filtration and removal of solvents under reduced pressure the residue was dissolved in 20 mL 
of 1 M tetra-n-butylammonium fluoride in THF and allowed to stir under nitrogen for 24 hours at room 
temperature. The mixture was diluted with 50 mL of 10% citric acid and extracted with 3 X 100 mL of 
chloroform. The combined organic extacts were washed with 1 X 200 mL of water and dried over MgSO* 
then concentrated to dryness. The crude product was purified by low pressure chromatography (silica gel. 
5% methanoi/CHCb) and recrystallization from ethanol/water to yield 6.33 g (85% yield) of pure product 
mp 121-2* C 



elemental analysis, Caic'd for CzsHsiNOs (425.52): 





C = 


70.57, 


H = 


7.34, 


N = 


3.29; 


Found: 


C = 


70.38. 


H = 


7.22. 


N = 


3.16. 



Step D thru Step G: Preparation of 8(S)-[N*1 (SH(1 .1 -dimethylethoxycarbony l)amino)-2-(4-ben2ytoxyphenyl)- 
ethyl]-1-oxa-3(S),7(R)-bicyclo[3.3.0Hctane"2-one 

Employing the procedure substantially as described in Example V, Steps C through F, but substituting 
for the N-6(SH(t f 1-dimethyIethoxy carbonyl)amino]-7-(4-benzyloxyphenylHE)-heptenoic acid the product of 
Step C, 4.8 g, there was obtained in sequence the following: 



(Step D) 

N-6(S)-[(1 ,lKjimethyiethoxycarbonyl)amirw^ as a white 

solid. 4.4 g (quant yield) which was essentially homogeneous by TLC (5% methanol/'CHCIa). 



(Step E) 

^(SH(1.1^imethytetrroxyc»rbony^ as 
a clear resin. 42 g (78% yield) which was essentially homogeneous by TLC (5% methanol/CHCh. 



(StepF) . 

N^(SHO.I^imethylethoxycarbonyl)^ as a colorless 

resin, 4.3 g (96% yield) which was essentially homogeneous by TLC (2% acetonitrite/CH 2 Clz). 



(Step G) 

Ethyl N-8(SH(1 . 1 ^methytethoxyran^nyl)-amirK}h9^ 
enoate as a waxy solid, 4.4 g (98% yield) which was essentially homogeneous by TLC (25% 
acelate/hexanes). 



(Step H) 

Ethyl N^(SH(1.1<Hmethylethoxycarto^ 7(S)- 
epoxynonenoate as an oil which crystallizes in the freezer (melts below 0*C), 3.48 g (77% yield). The 
product was essentially homogeneous by TLC (30% ethyl acetate/hexanes). 



(Step I) 
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3-Ethoxycarbonyl-8(SHN-{1(SH(1.1-d'metliyl ethoxycarbonyl)amino)-2-(4-ben2yloxyphenyl)ethy^l-oxa- 
7(S)-bicyclo(3.3.0Joctane-2-one as a colorless foam, 3.2 g (quantitative yield) which was essentially 
homogeneous by TLC (5% ethyl acelate/CH 2 Cl 2 ). 



(Step J) 



is 



8(S)-[N-(1 (SH(1 « 1 -dimethy lethoxycarbony l)amino)-2-<4-benzy loxypheny l)ethyl]- 1 -oxa-3(S), 7(R)-bicyclo- 
[3.3.0]octane-2-one as a white solid (1.98 g, 72% yield): mp 157-159* C, 



elemental analysis. Calc'd for C^r^NOs (451.567): 



Found: 



c = 


71.71: 


H = 


7.37; 


N = 


c = 


71.82; 


H = 


7.31; 


N = 



3.10. 
3.0. 



Step K: Preparation of 3-(1 jKjimethylethoxyc^c^yl)-2,2'dimethyM(S)-(4-ben2yloxyphenylmethyl)-5(S)-[2* 
(SHiydroxymethyl-l(R)-cyclopentylloxazoiidine: 

The product of Step J, 1.0 g (2.2 mmol) was dissolved in 50 mL of 1,2-dirnethoxyethane and to it was 
added 5.5 mL (11 mmol) of 2 M lithium borohydride in THF. The solution was allowed to stir for 8 hours at 
room temperature then quenched by dropwise addition of 10 mL of water, followed by 25 mL of 10% citric 
acid. The mixture was extracted with ethyl acetate (2 X 50 mL) and the organic extracts washed 50 mL 
saturated NaHCCb dried over MgSCU and concentrated to dryness. The oily residue (1.0 g) was dissolved 
in 5 mL of 2,2-dimethoxypropane and 15 mL of acetone and to it was added 16 mg of p-toluenesulfonic 
acid, monohydrate. The mixture was stirred under nitrogen atmosphere for 24 hours, then poured into 50 
mL of saturated NaHCCh and extracted with 3 X 100 mL of ethyl acetate. The combined organic extract 
were dried over MgSO* and concentrated to dryness. The residue was purified by low pressure chromatog- 
raphy (silica gel, 3% ethyl acetate/hexanes) to give 1.05 g (95% yield) of a colorless foam which was 
essentially homogeneous by TLC. 



Step L: Preparation of 3-(1.1^imefoylemoxycartony^ 
(RHormy I- 1 (R)-cyclopenty IjoxazoHdine: 

The product of Step K. 1.05 g was dissolved in 50 mL of CHzCfe and added dropwise to a stirred 
solution of 0.20 mL at anhydrous OMSO and 0.20 mL of oxalyi chloride at -78* C. After 20 minutes stirring 
at -78* C, dry triethylamine. 0.70 mL was added slowly. After stirring for 40 minutes at -78 "C, the mixture 
was allowed to warm to room temperature and stir for 30 minutes. The mixture was diluted with 200 mL of 
CHaCfe and washed with 1 X 100 mL 10% citric acid. 1 X 100 mL HfeO. 1 X 50 mL saturated NaHCOa and 
dried over MgSO*. After removal of solvents under reduced pressure, the residue. 1.1 g. was dissolved in 
16 mL of absolute methanol and to it was added 0.276 g (2 mmol) powdered anhydrous KaCOs. After 2 
hours at room temperature, the reaction was cooled to 0* C and treated with 230 mL (4 mmol) of glacial 
acetic acid. After 5 minutes, the mixture was warmed to room temperature and 10 mL 1 M pH 7 phosphate 
buffer was added. After 30 minutes stirring, the mixture was concentrated and the aqueous phase extracted 
with 5 X 50 mL of ether. The combined ether extracts were dried over MgSO* and concentrated to dryness. 
The crude product was purified by tow pressure chromatography (silica gel, 15% ethyl acetate/hexanes) to 
yield 0.92 g of the product (>10:1 of the 2(R):2(S) aldehydes) as a foam. The product obtained in this 
manner was essentially homogeneous by TLC (15% ethyl acetate/hexanes). 



Step M: Preparation of 2(RHN~2(SH(1 ,1 -dimethy Iethoxycarbonyl)aminoh1 (S)-hydroxy-3-<4-benzylox- 
yphenylHj3ropylh1(R)<ydopentanecarboxylic acid 

The product of Step U 0.25 g (0.5 mmol) was dissolved in 3 mL of tert-butanol and 2 mL of 1 .25 M 
aqueous potassium phosphate buffer (pH = 6.8). To it was added 3.0 mL of aqueous 1 M KMn04 solution 
with stirring. After 5 minutes, the reaction was quenched by addition of solid Na^SOs (3mL) and the pH 
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adjusted to 3 with ice cold 10% citric acid. The mixture was extracted into 5 X 50 mL of ethyl acetate and 
the combined organic extracts dried over MgSO* then concentrated to dryness. The residue was dissolved 
in methanol and 5 mg of p-toluenesulfonic acid was added. After stirring for 30 minutes at room 
temperature, 1 mL of aqueous 1 M sodium acetate was added and the mixture concentrated to dryness, 
s The residue was dissolved in chloroffcrm (100 mL) t filtered and again concentrated to dryness. The product 
formed a solid on drying under vacuum (0.20 g. 87% yield) and was essentially homogeneous by TLC 
(1:3:26. AcOH: MeOH: CHCb). 



io Step N: Preparation of N-Benzyl-2(RHN-2(SH(1 .1 -dimethylethoxycarbonyl)amino>3"(4-benzyloxyphenyl)-l - 
(S)-hydroxy-l *propyl]-1 (R)-cyclopentene carboxamide 

The product from Step M. 0.20 g (0.43 mmol, was dissolved in 5 mL of dry DMF and to it was added 
50 mL (0.45 mmol) of benzylamine, 58 mg (0.43 mmol) of 1-hydroxybenzotriazole hydrate and 86 mg (0.45 

/s mmol) of dimethyi-3-(3-dimethylaminopropyl)carbodiimide hydrochloride. Triethylamine was added dropwise 
until the pH was 8.5. After stirring for 15 hours at room temperature, the reaction was concentrated to 
dryness under reduced pressure. The residue was dissolved in 100 mL of chloroform and washed with 1 X 
50 mL of 10% citric acid. 1 X 50 mL l-feO, 1 X 50 mL saturated NaHCOa dried over MgSO*. and 
concentrated to dryness. Crude product was purified by low pressure chromatography on silica gel eluting 

20 with 20% acetonitrile In methylene chloride to yield 150 mg of product as a foam which was essentially 
homogeneous by TLC (20% CH3CN/CH2CI2). The product formed a solid precipitate from ethanol/water. 



Step O: Preparation of N-Benzyl-2(R)-[N-2(Sh((1J^imethylethoxycarbonyl)amino)-3-(4*hydroxyphenyl)*2* 
25 (S)*hydroxy*l«propylh1(R)*cydopentane carboxamide 

The product from Step N f 150 mg was dissolved in 25 mL of ethanol and 25% of THF containing 50 
mg of 10% palladium on carbon. The mixture was stirred under hydrogen atmosphere for 24 hours, then 
filtered and concentrated to dryness. The residue was dissolved in 6 mL of ethanol and 30 mL of water was 
30 added. A white solid precipitated which was collected and dried. The yield was 120 mg of pure product 
(95%): (C.H.N). 



EXAMPLE 31 

35 



Assay for inhibition of Microbial Expressed Viral Protease 

40 Additional compounds were tested by the assay of Example 9. The results show substantial inhibition of 

HIV protease for many of the compounds tested. The products of synthesis in Example 10-28 inclusive 

shown ICso values in the range of 0.1 - 10 nM. 

While the foregoing specification teaches the principles of the present invention, with examples 

provided for the purpose of illustration, it will be understood that the practice of the invention encompasses 
45 all of the usual variations, adaptations, modifications, deletions, or additions of procedures and protocols 

described herein, as come within the scope of the following claims and its equivalents. 



Claims 

so 

1 . Compounds of the formula: 
A-G-B-B-J I, 
wherein A is: 
1)trityi. 
55 2) hydrogen; 

3) 

O 
11 

FV- C - wherein R 1 is 
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a) hydrogen, 

b) Ci-4 alkyl, substituted with one or more halogens adjacent to the carbonyl carbon where halogen is F, 
CI, Br. and I; 

4) phthaloyl wherein the aromatic ring is unsubstituted or substituted with one or more of 
5 a)Ci-ialkyl, 

b) halo. 9 

c) hydroxy, 

d) nttro, 

e) Ci -3 alkoxy, 

io 0 C1-3 alkoxycarbonyl, 

g) cyano, 

h) 
O 

- C -NR2 wherein R is H or Ci-* alkyi; 
is 5) 

R 3 0 
<? 1 0 



20 




wherein R 2 ,R 3 . and R 4 are independently 

a) H, 

b) Ci alkyl unsubstituted or substituted with one or more of 

i) halo, 

ii) alky! SCV, 

iii) aryl SO2-, 

c) Aryl unsubstituted or substituted with one or more of 

i) Ci-* alkyl, 

ii) Ci -3 alkoxy, 

iii) halo, 

iv) nitro, 

v) acetoxy, 

vi) dimethyiaminocarbonyl, 

vii) phenyl, 

vili) Ci -3 alkoxycarbonyl 

d) fluorenyl, 

^e) R 2 . R 3 , and RVmay be independently joined to form a monocyclic, bicyclic, or tricyclic ring system 
which is C3-10 cydoalkyl and may be substituted with Ci-* alky I, or 
f) a 5-7 membered heterocyde; 



6) 



45 



0 

r5_ n _ 0 -C- 



so wherein R s and R 6 are 

a) Ci-* alkyl, 

b) aryl, 

c) PP and R 6 are joined to form a 5-7 membered heterocyde; 

7) 

55 o 

R 7 -S02NH- C- wherein R 7 is aryl unsubstituted or substituted with one or more of 
a) Ci-« alkyl. 
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b) halo. 

c) nitro, 

d) Ci-3 alkoxy; 

8) 



R 8 -S- 



m 



10 



75 



20 



25 



30 



35 



wherein m is 0-2 and R 8 is 

a) R 7 as defined above, 

b) trityl; 

9) 
x 

(R 7 )2 P - wherein X is 0 or S, or NH, and R 7 is defined above; 
G is 



Z 

II 



Y'Y C 



H 
t 

•N 



R ff R° 



wherein Z is O, S, or HH and 
R 9 is independently 
1) hydrogen; 



2) 



or 



-c— 



—I 



40 



45 



SO 



55 



3) -OR, wherein R is H, or Ci-* alky I 

4) -NR2. 

5) d-4 alkylene-R 11 ; 

wherein n is 0-5 and R 10 is independently 

a) hydrogen. 

b) hydroxy, or 

c) Ci -4-alkyi; 
R 1T is 

a) hydrogen, 

b) aryl, unsubstftuted or substituted with one or more of 
i) halo, 

n) hydroxy, 

ifi) -NH 2 , -NO2, -NHR, or -NR 2 , wherein R is H, or Ci-* alkyl, 

iv) Ci-* alkyl, 

v) C1 -3 Alkoxy, 

vi) -COOR 

vii) -C NR 2 , 

II 
O 

viii) -CH2NR2, 
ix) 
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O 

-ch 2 nhc a 

x) -CN, 

xi) -CF 3 , 
xii) 

-NH C R, 9 
xfii) aryl C1-3 alkoxy or aryl Ci -* alkyl, 

xiv) aryl, 

xv) -NRSO2R, 

10 xvi) -0P(0)(0Rx)2 wherein R x is H or aryl, or 
xvii) 

O 
It 

-O C -Ct-*alkyl substituted with one or more of amine or quaternary amine; 

c) 5 or 6 membered heterocycle including up to 3 heteroatoms selected from N, 0 ( and S, any of which 
is heterocycle may be unsubstituted or substituted* with one or more of 

i) halo, 

ii) hydroxy, 

in) -NH2, -NHR, -NR2; 

iv) Ci alkyl. 

20 v) Ci -3 alkoxy, 

vi) -COOR, 

vii) 
O 
D 

- C NR 2l 

25 viii) -CH 2 NR 2l 

*> o 
II 

• -NH C R. 

x)-CN, 
30 xi) CF3. 

xii) -NHSO2R. 

xiii) -OP(0)(ORx)2 wherein R* is H or aryl, or 
xiv) 

O 

as -O-C -Ci-*alkyl substituted with one or more of amine or quaternary amine; 

d) Ci -s alkyl or C t alkenyl. unsubstituted or substituted with one or more of 
i) hydroxy, 

u) Ci -+ alkyl, 
ui) -NH2, -NHR, -NR 2 , 
40 iv) 

NH 
0 

-NH CH , 
v) 

NH 
U 

45 -NH-C- NH 2 , 
vi) -COOH. 

vii) 
O 

- &OR, 

so viii) -SR. or arylthio, 

ix) -SO2NHR, 

x) Ci -4 alkyl sulfonyiamino or aryl sulfonyl amino, 

xi) -CONHR, 

"> o 
II 

-NH C R, 

xiii) -OR, 

xiv) aryl Ci-salkoxy, or, 



55 
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xv) aryl; 

e) C3-7 cycloalkyl unsubstituted or substituted with one or more of 

i) hydroxy, 

ii) C- -t alkyl, 

5 iii) -NH 2 , -NHR, -NHR 2 . ' 
iv) 

N H 
fl 

-NH-CH , 
v) 

10 „ 

-NH- C " NH 2 . 
vi) -COOH, 
vfi) 

0 
II 

is - C -OR. 

viii) -SR, 

ix) -SO2NH2. 

x) alkyl sulfonylamino or aryl sulfonylamino, 

xi) -CONHR, or 

20 Xfl) 

O 
II 

-NH CR; 

f) a 5- to 7-membered carbocyclic or 7- to 10-membered bicyclic carbocyclic ring which is either saturated 
or unsaturated, said carbocyclic ring being unsubstituted or substituted with one or more of 

25 i) halo, 

ii) -OR, wherein R is H or Ci -* alkyl. 
iii) 

o 
II 

- COR. 
30 iv) 

O 

0 

- C NR 2 , 

v) -CH2NR2, 

vi) -SO2NR2: -S(0) y R and y = 0. 1 or 2; 
35 vii) -NR 2 . 

viii) 

O 

-NH C R f 
be) C< -« alkyl, 
40 x) phenyl, 
xi) -CF 3 . or 

xii) 

- N -SO2R; 

45 g) benzofuryl, indolyl; azabicyclo €7*11 cycloaikyl; or benzopiperidinyl; 

R 12 is -OH or -NHR t3 wherein R« is -H, 
O 
11 

- C H. Ci alkyl, or -COOR; and 
<8> is 

so 1) C3-7 cycloalkyl either unsubstituted or substituted with one or more of 

a) Ci -4 alkyl, 

b) hydroxy, 

c) -NR2. 

d) -COOR. 
55 e) -CONHR, 

0 -NHSO2R, 
9) 
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O 
it 

-NH C R, 

h) aryl. 

i) aryl substituted with Ci -«alkyi, 
j) heterocycle. or 

5 k) heterocycle substituted with Ct -*alkyi; 

2) phenyl either unsubstituted or substituted with one or more of 

a) hydroxy. 

b) -OR. 

c) -NHR 13 . 

w d) -COOR. 

e) 
o 

ii 

- C NR 2 , or, 

0 O 
75 „ 

-NH C R; 

3) 5 to 7-membered heterocycle, any of which heterocycle may be unsubstituted or substituted with one or 
more of 

i) halo, 
20 ii) hydroxy, 

iii) NR 2 , or, 

iv) Ci -4 alkyl; 
Q is 



25 



30 



R 

H ' 



I II I 1 • ' 

OH mm NHR ,J W OH 



wherein R 9 and R 13 are defined above; 
X is O, S. or NH; and 
Wis 
1)OH, 
35 2)NH 2 , 

3) OR, or 

4) NHR; 

B is, independently, absent or 



40 



-NH Z; 



1) YR 14 wherein: 
Y is 0 or NH, and 
R 14 is 

a) H; 

b) Ci -€ aikyl, unsubstituted or substituted with one or more of 

i) -NR 2( 

ii) -OR, 

iii) -NHS0 2 Ci-* aikyl. 

iv) -NHS0 2 aryl, or -NHS0 2 -<dtaikylarninoaryl), 

v) -CH 2 OR. 

vi) -Ci-* alkyl, 
vii) 
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o 

II 

-C OR. 

viii) 

O 
II 

- C NR 2 , 



w 



is 



ix) -NH^NR 2 • tr -NH-^NR 2 ; 

NH N 

0 * CN 

u 

x) -NHCR, 

xi ) -NS0 2 CH 3 . 
h 0H 



xii) -NH^O^Ph, 



20 

xiii) -NR 3 ® A e wherein A e is a counterion, 

xiv) -NR ,S R 16 wherein R 1S and R ie are the same or different and are Ci-s alkyl joined together directly to 
form a 5-7 membered heterocycle, 

xv) aryl, 
25 xvi) -CHO, 

xvii) -OP(0)(ORj2 wherein R x is H or aryl, or 

xviii) 
O 

-O- C -Ci-4alkyl substituted with one or more of amine or quaternary amine; 
30 c) -fCH 2 CH 2 0) n CH 3 or ^CH 2 CH 2 0)„H; 

2) N(R 1 *)2;or 

3) -NR tS R tc wherein R 1S and R 16 are defined above; 



35 




wherein: 

Y, R 1 * and n are defined above, and 
R 17 is a) hydrogen; 

b) aryl unsubstftuted or substituted with one or more of 
«s i)haio, 

ii) OR, wherein R is H or Ci -* alkyl 

iii) 

0 

n 

-cor, 

50 i v ) 
f 

- CNRa, 

v) OH 2 NR2, 

vi) -SO2NR2. 
55 vii) -NR§ , 

viii) Q 
o 

-NH CR, 
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xi) Ci -4 alkyi, 

x) phenyl 

xi) -CF 3 , 
xii) 

5 R 

- N -SOzR, » 
xifi) -Ci-4 alky I -NR 2 , 

xiv) -OP(0)(ORj2 wherein R x is H or aryl, or 
to ? 

-O- C -C t -ialkyl substituted with one or more of amine or quaternary amine; 

c) Heterocycie as defined below, 
unsubstituted or substituted with one or more of 
i) halo, 

is ii) -OR. wherein R is H, Ct -4 alky!, or Ci -4alkenyl, 

- cor, 

iv) 

20 0 

- C NR 2 , 

v) -CH 2 NR 2 , 

vi) -S0 2 NR 2l 

vii) -NR 2 , 
25 viii) 

O 

II 

-NH C R, 
xi) Cw alkyi, 

x) phenyl 
30 xi) -CF 3 . 

R 

xii) -NS0 2 R, 

05 

xiii) phenyl Ct -* alkyi, 

xiv) -OP(0)(ORx)2 wherein R* is H or aryl, or 

xv) N 
O 

40 U 

-O- C -Ci -4 alkyi substituted with one or more of amine or quaternary amine; 

d) A 5 to 7 membered carbocydic or 7-10 membered bicyclic ring which is either saturated or unsaturated, 
said carbocyciic ring unsubstituted or substituted with one or more of 

i) halo, 

45 ii) -OR, wherein R is H or Ci -4 alkyi, 
Hi) 
O 

- COR. 

% 

50 « 

- CNR 2 , 

v) -CH 2 NR 3 . 
— viy-SOaNRz, 
vii) -NR 2 , 

II 

-NH C R, 

xi) Ci -4 alkyi, 
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x) phenyl 

xi) -CF 3 . 
xii) 

R 

s - A SOzR 9 
xiii)-OP(OKORx)2 wherein R x is H or aryl. or 

It 

-0- C -Ci -*alkyl substituted with one or more of amine or quaternary amine; or pharmaceutical ly accept- 
w able salts thereof. 

2. The compounds of Clam 1 wherein B is independently present twice and Z is 0. 

3. The compounds of Claim 2 wherein J is NH2 and Q is 

H R 9 
t f 

-C CH-. 

1 

OH 



20 



25 



30 



35 



40 



45 



50 



55 



4. The compounds of Claim 2 wherein J is Nhfe and Q is 

I 

4 CH 2 -, 

W 

5. The compounds of Claim 2 wherein J is NH2 and Q is 

H 

I 

OH 



6. The compounds of Claim 1 wherein B is present once and Z is 0. 

7. The compounds of Claim 6 wherein Q is 



OH 

8. The compounds of Claim 6 wherein Q is 



H R 9 
X C CH-. 



X 
f 

-p CH- 

1 4 
W 



9. The compounds of Claim 6 wherein Q is 
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H 
I 

I 

OH 



i 



10. The compounds of Claim 1 wherein B is always absent 

11. The compounds of Claim 10 wherein Q is 




12. The compounds of Claim 10 wherein Q is 



-P CH 7 - . 

i 



13. The compounds of Claim 10 wherein Q is - CH 

14. The compounds of claim 1 wherein G is 




15. The compounds of Claim 14 wherein B is absent or present once. 

16. The compounds of claim 15 wherein J Is 



-NH — i~C--\ 



17. The compounds of claim 16 wherein A is 




1 8. N'-(1 J^methyiethoxycanbof^ 
leucyhphenylaianylamide, or pharmaceuticaily acceptable salts thereof. 

19. N-Benzyl-N'-<1 ,1-dimethyiethoxy carbonyl)^S>^irK>^$)-hydr^ 
hexanoyHeucyhamide, or pharmaceutically acceptable salts thereof. 
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20. N-benzyl-N-{1 ,1 <limethylethoxycarbonyl)-5^ 
hexanoic carboxamide. or pharmaceutically acceptable salts thereof. 

21. NK1,1-Dimethyletho>cycarto^ 
hexanoyWeucyl-phenylaianylamide. or pharmaceutically acceptable salts thereof. 

22. n'-<1 J-Dimethyletho>cycajtxJnyl)-5^ hexanoyl- 
leucyl-phenylalanine methyl ester, or pharmaceutically acceptable salts thereof. 

23. N'-{1 J-Dimethylethoxycarbonyl)-5(S)-amino^(S^ 
isoteucylamide, or pharmaceutically acceptable salts thereof. 

24. N-(2-(Methanesulf ony lamino)ethy I)-n'-(1 , 1 -dimethylethoxycarbony l)-5(S)-amino-4(S)-hy droxy-6- 
phenyl-2(R>-(phenylmethyl)hexanoyl-leucylamide 1 or pharmaceutically acceptable salts thereof. 

25. N-{1 . 1 -Dimethy lethoxycarbony l)-5(S)-amino-4(S>-hydro)cy-6-p^eny*-2(Rh(pheny Imethy l)hexanoy I- 
leucyl-phenylalanylamide, 

^Benzyi-N^1,1-Dimethyiethoxy(*rbonyl)-5(Sh 
leucyl-amide, 

5(S)-[(1 .1 -Dimethylethoxycarbony l)-amino]^S>-hydroxy^henyl-2(RHprienylmethyi)hexanoyl-Leu-amide. 

N-<1.1-Dinrethylethoxycartx)ny^^ 

phenylalanylamide, 

5(SH(1 .1 -Oimemylethoxycartonyl)am"™ Leu-(4-J-Phe)- 
amide, 

5(SH(Phenylmethyloxy<^onyl)amino]-4(S}*^^ Leu-Phe amide, 

5(SH(1 .1 -dimethy tethoxycarbonyl)amirw}^SHy<froxy-2(R^ Leu-Phe-amide, 
3-(1(S)-Ben2yloxycarbonylamino-2-phenylethyl phosphinyl>-2(S ( RHphenylmethyl)propanoyl-L-Leu-Phe- 
amide, 

N-{4-{(Benzyloxycarbonyi)aminoIbutyl>5(SH(1 . 1 -dimethy lethoxy)carbonylaminoH(S)-hydroxy-€-phenyl-2- 
(RHphenylmethyl)hexanoyl-Leu-amide f 

n'-{1 , 1 -Dimemylethoxyca1xnyl)-5(S>-amino-4{S)-hydroxy-6-pheny l-2(R)-(pheny Imethy l)-hexanoy l-leucy I- 
phenylalanine methyl ester, 

5<SH(1.l-DimethylethoxycarborryI)-^ Leucine- 
Phenylalanine amide, 

5{SH(1 .1 -Dimethylethoxycarborryl)-aminoH(SHiydroxy-2(R)-{pheny 
amide, 

5(SH(1 .1 -Dimethylethoxycarbony t)-amtno]^S^ 
hydroxy-1(SMphenylmethyl)etrtyl)-Leu amide, 

5(SH0 .1 -dimethytetrraxy carbon amide, 
N-(2-(MethanesuIfonylamino)ethy l>-N # -{1 .1 «limethyietrK)xycarbony()^(S^ 
(phenylmethyl)hexanoyHeucylarnklQ, 

5(SH(1 .1 -Oimetrrylethoxycart>onyl)-am™ amide. 

5(SH(1 .1 -Dimethylethoxycarbonyl)-amino}^S)^^ 

hexanoyl-Leu-Phe amide, 

5{SH(1 ,1 -DimethytemoxycarbcKiylhamtno}^ 

amide, 

5(SH(1 .1 -Oimethylethoxycaitrcnylhanii^ 
Leu-Phe amide. 

5(SH(1 ,1 -Dimethyiethoxycanbonyl)-aminoH<S^ 
5(SH(1 .1-Oirnethy!ethoxy<xtfbonyl)-amino^ 
hydroxy-1(S>-phenyle1hyOLeu amide, 
5(SH0 .1 ^methylethoxycartx>nyl>-aminoH{SH^^ 
acetamidoethyl)Leu amide. 

5(SH(1 .1 -Dimemylethoxycartx>nyl)-amirK>H(S}^ '-ylHouctne? 
phenylalantne-amide, 

5(SH(1 .1 -Oimethylethoxycarbonyl)-amfrio^ 

hydroxyethyl)Leu amide, 

5{SH(1 .1 -Dimetrrylethoxycarborryl>-amirK)}^ 

benzylamide. 

5(SH(1 .1-Dimemyiethaxycaitxxiyl)amin^ 

amide. 

4(SH(1 .1 -Oimethytethoxycartxxiyl)aminoK3(SHi^^ amide, 
5(SH(1 .1 -DimemylethoxycartDony l)amino}^S}^ 
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d i me thy lam tnop ropy I He- amide, 

5(SH(t .1 -Dimethylethoxycarbonyl)amifK>H(SVhydroxy-6-phenyl-2(RH^ -phenyl-phenyfmethyl)leucine- 
phenylalanine amide, 

5(SH(1 .1 -Dimethy lethoxyc^onyl)amtnoH(S)-hydr^^ valine amide. 

5(SH(1.1-D«methylemoxycai^ 
benzyl-ester, * 

5(SH(1>Dimethylethoxycarbonyl^ 
N-benzyt amide, 

5(SH(U-Dimethylethoxycartonyl)amino]-4(S)-^^ 
amide, 

5{SH(1 . 1 -Dimethy iethoxycarbony ()amino]-4(S)-hydroxy-2(R),6-dipheny Ihexanoyl-leu-Phe-amkte, 

5(SH(1.1-Dimethytethoxycato^ 

dimethylamino ethylene amide, 

5(SH(1 . 1 -Dimethy Iethoxycarbony l)aminoH(S)^ydro>cy^henyl-2(RHphenylmethy0hexarrayl-rH2- 

pyridy)methyl)lle amide, 

5(SH0>0imethyletho>cycarbonyl^ 

benzylamide, 

5<SH0.1-Emeftylethoxycarbonyl^ 
amide, 

N-(Methyl-5-amino-5-deoxy-2,3,0-isopropy lidene-^-D-ribosyl)-5(S>-(1 ,1 -dimemyletrwxycartwnylaminoHtS)- 
hydroxy-6-phenyl-2(R)(phenyimemyl)-hexanoyl lie amide, 

5(SH(1 . 1 -Dimethyiethoxycarbony l)aminoM(S)-hydroxy-6-phenyh2(RMpheny Imethy l)hexanoyl-S- 
neopentylglycine amide, 

N-(2(S t R)-Hydroxy-1 (R,SH"dany l)-5<SM1 .1 -dimethy lethoxycarbonylamino)-4(S)-hydroxy-6-phenyl-2(R)- 
phenylmethylhexanamide, 

5(SH1 .1 -Dimethyiethoxycarbony laminoH(S)-hydroxy6-phenyl-2(RH3'-phenylpropyl)hexanoyMeucine- 
phenylalanine amide, 

5(SH1 .1 -Dimethyiethoxycarbony Iamino)-4{S)-hydroxy-6-phenyl-2(RKphenylmethyl)hexanoyI-N-<4- 
dimethylamino propyl)-VaJ amide, 

N-{Methyl-5-amino-5-deoxy-^-D-ribosy l)-5(SH1 - 1 <JimethyletrM3xycarbonylaminoH(S)-hydroxy-6-pheny*-2- 

(RHpnenylmethyl)hexanoyl-lle amide, 

5(SH(1.1-DimethylethoxycarbonylJaminoH(S^ 

butylglycine-benzytamide, 

5(SH(1.1^imethytethoxycar^ 

dihydroxy-propyl}-IIe amide, 

5<SH(1 -1 -Dimethy1ethoxycartx>nyl)amino]^S 

cyclohexylglycine-amlde, / , , 

5(SH(1.1^niethylethoxy<^rbonyl)amino]-4{S^ -en-l yI)hexanoyl-N- 

(3-dimethyl amino propyl) valine amide, , , , 

N'-{1 , l-Dimethylethoxycartwny^ -en-1 -yl>- 

hexanoyHS)-phenylglycyK2-hydroxyethyl)amide, 

5(SH1 .1 -Dimethytethoxyc^rt>onylamino}^ 

(phenylmethyl)-vafine amide, 

N-(cis-2(S,R)Hydroxy-1 <R,S)-indanyl)-5<SH1 .1 -dimethytethoxycartx)nylamino)-^)-hydroxy-6-(4- 

beruyloxyphenylmethyl)-2(RHphenylmethyl)hexartarnide, 

5(SH1 .1 -Oimethytethoxycarbonytamino)-4{SHiydroxy-6-pheny!-2( 

(imidazo W-yi)-1 -(hydroxymethyl)-propylHte-amide. 

4<SH(1 .1 -Dimethylethoxyc^rtxjnyl)amir^ 

amide, 

5(SH(1 J-Oinr*athyletho>cy(»nbonyl)^ '-yi)-hexanoyl - 

(S)-phenylglycine amide, 

5(SH(1.1-Dimethytetrx>xy<*to^ 

amide, 

5(SH1 .1 -DimemylemoxycarbonylaminoH<S)-hydroxy-6-pheny l-2(R)^henylmethyl)hexarK)yl^)henylglydne 
amide, 

N-(2(S or RHiydroxy-1^,3.4-tetrartydro-1(R or S)^aphthyl)^(SH1.1^mettylethoxycar^ 
hydroxy-6-pherryl-2(RH>henylmethyi hexanamide, 

N-(2(R or S)-hydroxy-1A3,4-tetrahydro-1(S or RHaphthyl>-5{SH1.1^ m ethylemoxy<^ 
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hydroxy-6-phenyl-2(R)-phenylmethy1 hexanamkte. 

N^cis-2(S,R)-HydroxyM (R,SHndanyl^ 
hydroxyphenyl)-2(R)^henyimethylhexanamide, 
5(S)-(1.1-Dimethylethoxycarbony1)amjn^ 
dihydroxypropyl)-Val-amide, 

N-(cis-2(R)- Hydroxy- 1 (S)-indanyl>-5(SH1 ,1 -dimethy lethoxycan^ylaminoM(SHiy^o^ 
phenylmethyl-hexanamide, 

5(S)-{1 ,1 -DimethyIethoxycarbonylamino)-4(S)-hydroxy-3(S or R)-hydroxy-6-pheny l-2(R)-phenytmethy I 

hexanoyl-Leu-Phe-amide, 

5(SH1i1"Diniethy!ethoxycartwnylamin^ 

(2(R,S).3-dihydroxypropyl)-phenylglycine amide, 

5(SH0 .1 -Dimethy lethoxycarbonyl)aminoJ^S)-hydroxy^phenyl-2(R>-(pheny!methy0hexano 

benzimidazolyl methyl)lle amide 

5(SM1 .1 -Dime%lethoxycarbonylamino)-4^ 

lie amide, 

N-<Methyl-5-amino-5-deoxy-^[>Hibosyl)-5(SH1^^ 
(R)-phenylmethylhexanoyl-Val amide, 

N-(Methyl-5-amino-5-deoxy-2.3.0-isoproplidene-^-D-ribosyl)-5<SHl . 1 -dimethylethoxycarbonylamino)-4{S)- 
hydroxy-6-phenyl-2(RHphenylmethyl)hexanoyl-Vai amide, 
5(SH1.1-DimethylethoxycarbonylaminoM(S)-hyd^ 
methoxyethoxyjethylpsoleucine amide. * 

5(S>-(1 .1 -Dimethyletho)cycarbonylaminoH(S)-hydroxy-6-phenyl-2(R)-(3 phenylpropyl)hexarK)yl-N-{2' r (R.S),3" 
dihydroxypropyl)-pheny (glycine amide, 

[4(S)-(1 ,1 -Oimethy lethoxycarix)nylam!no)-3(S)-hydroxy-5-phenylp 
amide, 

5(SH(1.1-DimethylethoxycartxDnyl)amiro^ 
imidazolyl)ethyl]valine amide, 

N-<cis-2(R)-Hydroxy-1 (S)-indanyl)-5-{SM1 .1 -dimethy lethoxycarbony laminoH(S)-hydroxy-6-phenyJ-2(RH3'- 
phenylprop-2 -en-1 -yl)hexan amide, 

N-<1(R or S) ( 2(S or R)-Dihydroxy-3(S or RHndanylh5(SM1.1^imethylethoxycato 
6-phenyl-2(RMphenylmethyl)hexanamide, 

N-{2(R)-Hydroxy-1 (S)-indanyl]-5(SH(1 .1 -dimethy !ethoxycarbonyl)aminoH<S)^^ 

2(R)-<phenylmethyl) hexanamide. 

5(SH(1 .1 -Dime%tethoxycaxtx>nyl)aminx)]^ 

valine amide, 

N-<cis-2<R)-Hydroxy-l (S)-indanyi>-5(SH(1 .1 Klimethylethoxycan^nyl)amino)^S)^droxy^phenyh2(RH(^ 
iodophenyl)methyl)hexanamtde, 

5(SH(1 .1 -Dimethylethoxyc^onyl)aminoH<SHiydraxy-6-pheny l-2(RHph«ny!methy1)hexanoyl-N-(2-(1 - 
ptperidiny1)ethyl)valine amide, 

5(SH0 .l-DimethytethoxycatonyOamiro^ 
hydroxyethyl)vafine amide, 

5(SK(1 .1 ^ime%letftoxycanbony1)amirK)h2(^^ 
methoxyethoxy)-ethoxyjethyl>*soleucine amide, 
5(SH1.1*0imethylethoxycarbonylamino)-2(R>-phenylmethy^ 
dimethyiaminonaphthylsulfonamido)ethy(psoleuctne amide, 
5<SH1 .1 ^imethy1etho)cycarbonylamino)^ 
dielhylaminch2(R,S>-hydroxypropyl)vafine amide, 

N-(1(R or S), 2(S or R)-dihydroxy-3-<S or RHndanyl)*(SK1.1^imethylethox^ 
6^4 4iydroxyphenyl)-2(RHphenylmethyl)hexanamide, 
N-(cjs-2(R)-Hydroxy-1 (S)-indanyl)-5(SH1 .1 dimethy lethoxycaitonylam^ 
dimethy1aminometnyl-44iydroxypte^ 
5(SH(1 .1 -Dimethylethoxycan^y1)amiroH^ 
benzimidazoylmethyl)va(ine amide, 

5(SH(1 .1-Dimethytethoxycartwny1)amino]^^ H- 

imidazol^yl)>-1-hydroxymethylethylJvaline amide, 

tMcas-2(RH*ydroxy-1($Hndanyl)^ 

(RHp^enylmethyl)hexanamide, - 

5(SK(1 .1 -DimemytethoxyxE^nyi)aminoH{S>-hydro^ 
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dimethylaminobenzyi)valine amide, 

5<SH<U-Dimeth^ 

benzimidazolylmethyl)phenyiglydneamide, 

3[H1RH1.1^imethylethoxycart»nylaminoh2-(phenylethyl)phosph or R)-phenylmethyl-N-{2(R)- 

hydroxy-1 -indanyl)propanamide, 

5(SHd .1 -Dimethylethoxycartw^ 

benzimidazolyl)valine amide, 

N-(2(R)^ydroxyO(S)-indanyl)-5<SH(^Py" d ^ 

(phenytmethyl)hexanamide ( 

N-(2(R>-hydroxy-1 <SHndanyl)-N-{(1 HTiethylethoxycarbonyl)amino]-4{S)-hydroxy-6-phenyl-2(R)- 
(phenylmethyl)hexanamide, , , 

5(SM1 .1-DimethylethoxycartX)ny!aminoH(Shhydroxy-6-phenyl-2(RH4 -iodophenylmethyl)hexanoyl-N-3 - 

dimethylarninopropyl)-vaiine amide, 

N-{benzyi)-5(S)-(1 , 1 -dimethy lethoxycarbony laminoH(S)-hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl 
valine thiomide, 

IM-<1 (R).2(S)-dihydroxy-3(SHndanyl)-N'-<1 .1 ^imethylelhoxycarbonylaminoH(S)-hydroxy-6i3henyl-2(R)- 
(3phenytprop-2 en-yl)hexanamide, 

N^4<S)-ben2opyranyl>5<SH1 .1 ^<methylethoxycarbonylamino^ 
hexanamide. 

N^4<R,SH>3nzc^yranyth5(SK1.1^ in ^ 
(phenylmethyl)hexanoyl-valine amide, 
N^aIlyl-5-amino-5Kieo)cy-2>0H^^ 

hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl-vaIine amide; 

5<SH(1 .^methylethoxycar^ 
methylaminoethyl)-vaIine amide. 
NKds-1*ydroxycyclopent-2^rr3-y^ 
(phenyimethyl)hexanamtde, 
5<SH0 .l^imethylethoxycarb^^ 
5-isoxazoloyl-methyl)vafine amide, 

N-(cis-2(R)-hydroxy-1 (SHruJanyl)-5<S)^enzylO)cycarbonvtamino ^S)-riydroxy-6-phenyi-2(RHphenylmethyl). 
hexanamide, 

N-(2-hydroxyethy()-5(SH1 -1 KJimethylethoxycarbony lamirro)^SHydroxy*2(R)^henylmethyl)he)canoy»- 

isoleucyl-amide, 

5<SH1.1^imethylethoxycarto^ 

phenyl glycine amide, 

N-(cis-2<R or S)-arrtf rwcarbonyM (S or RHndaryl)-5<SH1.1^™thylethox^ 
phenyl-2(RHphenytmethy0hexanamide, 
l^2(RHiydroxy-l(SHntoy^ 
(RH^ydroxyphenyimethylJhexanamide, 

rHcfe-2(R or S)<arboxy-1(S or RHrK^yl>-5(SH1.1^i™tM^xy^^ 
2(RHphenylmethyl)hexanamide, 

N-(cls-2(R)-hydroxy-1 (SHno^yO-5^1 jKJimethylethoxycarbonylamirw^ 

nitrophenylmethyl)hexanarnide. 

5(SH1 ,1 Kfimethy tethoxycartwny ^ 

hydroxyethyl)-pheny1glycine amide, /D w, 

^cis-2(RHiydroxr1(SHno^yl^ 

aminoprtenylmethyl)-hexanamide t 

N -<1 t lKjimethyletrK»cycart)onyl)^(Sha^ " 
rnorpholino)propyl)}-vaiine amide, 

N-£5-amino-5-deoxy-D-ribosyi]-5(SH1 .1 Klimethyiethoxycartonytamino)^ 

phenylmethyhhexanoyl-valine amide, 

N^5-amino-5Kleoxy-2A(Hs^ 

pheny!-2(RHprienylmethyl)hexanoyJ-vaJine amide, 

5(SH(1 ,lKiimetrtylethoxycart>onv^ 

pyridylmethyl)valine amide, 

5(SH(1 .1 ^methylethoxycarbc*yl)amir^ 

pyridytmethyl)valine amide, 

5<SH(1.1^methyiethoxycart>onyl^ 
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methoxyethoxy)ethoxy]ethyl)valine amide. 
5(SH(1 .1 ^imethylethoxycarbonyl)amiTO^ 
pyridylmethyl)vaiine amide. 
N-[ds-3(S)-hydroxy-4{S)-benzopyranyl]5(^^^ 
phenylmethyl-hexanamide, 1 

N-(1 R2S-dihydroxy-3S-indany l)-5(SH1 ,1 -dimethy lethoxycarbony lamino>-4{S>-hydroxy-6-(4 / -hydroxyphenyi)- 
2(R)-{4 -hydroxyphenyOmethylhexanamide. 

N-{cis-2(R)-hydroxy-1 (SHndanyl)-5(SM1 .1 dimethy lethoxycarbonylamino)-4(S)-hydroxy-6-phenyl-2(R)- 
(phenylthiomethyl)hexanamide, 

Dilithium N-(2-phosphoryloxyethyl)-5($H1 .1 -dimethy tethoxycafbonylaminoH<S>-hydroxy-2(R)- 

(phenyimethyi)hexanoyl-isoleucyiamide t 

N-(rte%l-5-amino-5^eoxy-<a0)-D-^^ 

2(RHphenylmethyl)hexanoyl-lle amide, 

5(SH(4^yrkiylmethoxycarbom 

benzimidazolytmethyO-lle amide, 

N^ds-2(R)-hydroxy-1(SHrKianylh5(^^ 

(1,1 -dimethytethyi)phenytmethyl)hexanamide. 

or pharmaceutically acceptable salt thereof. 

26. The compounds of Claims 1-25 in combination with any of the antivirais, immunomodulators, 
antibiotics or vaccines of Table IV. 

27 A pharmaceutical composition comprising the compounds of Claims 1-25 and a pharmaceutically 
acceptable carrier. 

28. A pharmaceutical composition comprising the compound in combination according to Claim 26 and 
a pharmaceutically acceptable carrier. 

29. The pharmaceutical composition of Claim 27, for use in the treatment of AIDS, in the prevention of 
infection by HIV, in the .treatment of infection by HIV, or In the inhibition of HIV protease. 

30. The pharmaceutical composition of Claim 28 for use in the treatment of AIDS, in the prevention of 
infection by HIV, in the treatment of infection by HIV, or in the inhibition of HIV protease. 

31. The use of a compound of any one of daims 1 - 25 for the manufacture of a medicament useful for 
treating AIDS. 

32. The use of a compound in the combination according to claim 26, for the manufacture of a 
medicament useful for treating AIDS. 

33. The use of a compound of any one of claims 1 - 25 for the manufacture of a medicament useful for 
preventing infection by HIV. 

34. The use of a compound in combination accordJhg to Claim 26, for the manufacture of a medicament 
useful for preventing infection by HIV. 

35. The use of a compound as claimed in any one of Claims 1 - 25, for the manufacture of a 
medicament useful for treating infection by HIV. 

36. The use of a compound in combination according to Claim 26, for the manufacture of a medicament 
useful for treating infection by HIV. 

37. The use of a compound as claimed in any one of Claims 1 - 25, for the manufacture of a 
medicament useful for inhibiting HIV protease. 

38. The use of a compound in combination according to Claim 26, for the manufacture of a medicament 
useful for inhibiting HIV protease. 
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